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Work  of  the  Institute  of  Physics  of  Metals  of  the 
Ural  Affiliate  of  the  Academy  of  Sciences  USSR, 
on  the  Theory  of  Heat  Resistance  of  Alloys 

By  V.  I.  Arkharov 


It  la  unnecessary  to  explain  the  Importance  of  Im¬ 
proving  (Increasing)  the  mechanical  properties  of  metals 
used  for  various  machine  parts,  mechanisms,  apparatus, 
and  structures  subjected  to  hlgh-temperature  heating 
under  service  conditions.  Naturally,  in  addition  to  heat 
resistance,  such  materials  must  also  meet  other  require¬ 
ments;  In  particular,  their  cost  must  be  sufficiently  low, 
the  raw  materials  for  them  must  not  be  scarce,  and  they 
must  readily  yield  to  various  operations  In  the  process 
of  mechanical,  thermal,  and  other  types  of  treatments  when 
used  for  the  fabrication  of  parts  and  components  of 
Installations. 

The  Importance  of  the  problem  dealing  with  the 
correspondence  of  the  characteristics  of  the  mechanical 
properties  of  a  material  under  certain  test  methods  to 
the  behavior  of  the  same  material  under  real  service 
conditions  Is  conceded;  In  this  case,  the  shapes  and 
dimensions  of  the  product,  the  vibrations,  the  sharp  and 
frequent  changes  In  thermal  loads,  etc.,  acquire  a  sub¬ 
stantial  and  sometimes  decisive  role. 

The  specific  nature  of  deformations 
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at  high  temperature  introduces  into  the  problem  of  their 
selection  and  characterization  additional  factors  which 
strongly  complicate  the  picture  as  compared  to  a  similar 
selection  and  characterization  of  materials  subjected  to 
deformation  under  normal  temperatures  (such  as  the  load 
duration  factor) . 

The  introduction  of  a  newly  created  material  some¬ 
times  proves  unsuccessful  due  to  the  fact  that,  though 
meeting  all  specifications,  it  is  actually  almost  useless 
because  of  its  failure  to  satisfy  what  is  apparently  only 
a  minor  requirement,  whose  Importance  could  not  have  been 
foreseen  because  of  our  Incomplete  understanding  of  the 
nature  of  deformation  of  materials  at  high  temperatures. 

In  this  connection  we  must  understand  the  great 
difficulties  to  be  encountered  in  an  empirical  investiga¬ 
tion  of  new  materials  subjected  to  deformation  at  high 
temperatures . 

On  the  basis  only  of  experimental  data  on  the  re¬ 
quired  composition  of  the  material,  on  the  methods  of 
production  and  processing,  and  on  the  permissible  ranges 
of  service  conditions,  the  researcher  will  seldom  achieve 
his  object.  Even  if  the  object  is  attained  after  having 
concluded  numerous  unsuccessful  variants,  there  always 
arises  a  doubt  as  to  whether  one  variant  close  to  those 
tested  had  not  been  left  unchecked;  whether  that  one 
could  not  have  produced  better  results;  whether  its  effect 
had  therefore  been  lost  for  practical  purposes  because  of 
the  Impossibility  of  investigating  too  many  variants. 

Such  a  situation  is  caused  by  the  absence  of 
sufficiently  clear  concepts  of  the  physical  mechanism  of 
deformation  phenomena  in  materials  at  high  temperatures. 

It  is  obvious  that  the  correct  evaluation  of  the  role 
played  by  individual  factors  which  provide  material  with 
the  ability  to  resist  deformation  at  high  temperatures 
(in  short,  its  "heat-resisting"  properties),  and  the 
evaluation  of  the  importance  of  those  or  other  service 
conditions  on  the  behavior  of  the  material  in  service, 
etc.,  depends  on  the  completeness  of  our  knowledge. 

Thus,  solid-state  physics  and,  in  particular,  both 
physics  of  metals  and  metallography  face  the  Important 
problem  —  the  creation  and  elaboration  of  the  theory  of 
heat  resistance  of  materials.  This  Includes  a  great 
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number  of  problems  and  the  moat  Important  Is  to  determine 
the  followlns:  (a)  the  mechanism  of  hl^- temperature 
plastic  deformation  In  monocryatals;  (b)  the  dependence  of 
mechanical  properties  of  the  crystal  on  the  atomic  Inter¬ 
action  within  the  lattice;  (c)  the  Influence  of  structural 
nonuniformity  of  real  solids  on  the  mechanism  of  the 
development  of  deformation  In  them  and  on  their  mechanical 
properties*;  (d)  the  Influence  of  nonuniformity  of 
concentration  in  real  solids  on  their  mechanical  properties. 

The  problem  of  studying  the  mechanism  of  some 
physical  phenomenon  la  often  more  easily  solved  on 
materials  under  conditions  which  are  different  from  those 
used  In  practice  but  In  which  the  resulting  phenomena  are 
more  contraatlble  and  more  readily  traced  in  detail.  In 
other  words,  the  phenomena  under  study  are  better  repre¬ 
sented  on  materials  under  conditions  specially  selected 
for  the  Investigation.  The  relationship  revealed  must 
then,  of  course,  be  checked  on  materials  under  conditions 
employed  In  practice,  which  la  Immeasurably  easier  to 
accomplish  after  the  model  study  had  been  carried  out. 

At  first  sight,  model  studies  seem  to  be  unconnected 
with  those  In  practice.  However,  this  Idea  Is  erroneous. 
Related  to  practical  objects,  the  results  of  these  Investi¬ 
gations  give  a  more  general  and  therefore  more  valuable 
solution  of  the  practical  problems  set  forth  than  does  a 
similar  investigation  conducted  from  the  very  beginning 
on  a  material  employed  in  practice  but  in  which  the 
mechanism  under  study  Is  not  so  clearly  apparent  and  the 
relationships  revealed  In  the  test  are  not  so  singularly 
defined  nor  as  accurate  as  on  the  prototypes  of  the 
material. 

Of  course,  here  as  In  other  similar  problems,  a 
reasonable  compromise  can  be  found  by  selecting  the  model 


*We  have  In  mind  the  Influence  of  the  extent  of  poly- 
crystallizatlon,  the  mosaics  of  the  crystallites  (and 
a  subcrystallite  structure  In  general),  the  heterophase 
of  tho  alloy  and  the  heterogeneity  of  a  single-phase 
crystal,  and,  particularly,  the  influence  of  various 
phases  of  aging  of  alloys,  etc. 
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material  that  is  closest  to  that  used  in  practice*. 


In  the  wide  scope  of  work  conducted  in  the  Soviet 
Union  for  finding  ways  to  improve  the  heat  resistance  of 
materials  needed  for  the  new  techniques,  a  substantial 
part  of  this  work  to  create  a  general  theory  of  heat  re¬ 
sistance  and  its  details  la  conducted  in  many  scientific 
institutions.  A  share  of  this  work  is  being  conducted 
by  the  Institute  of  Physics  of  Metals  of  the  Academy  of 
Sciences  USSR  (AN  SSSR) ,  Ural  Branch,  where  some  of  the 
basic  problems  on  the  theory  of  heat  resistance  are  worked 
out,  namely,  the  problems  associated  with  two  aspects  of 
the  mechanism  of  hlgh-temperaturo  deformation:  1)  the 
localization  of  the  processes  of  high- temperature  plastic 
deformation  on  structural  nonuniformities  in  a  deformed 
solid;  and  2)  the  Internal  adsorption  of  some  dissolved 
admixtures  on  the  same  nonunlf ormlties .  The  combined 
influence  of  these  phenomena  on  the  heat  resistance  of  the 
material  is  particularly  important  because  they  are  both 
localized  in  the  same  regions  of  the  alloy.  Actually,  de¬ 
formation  develops  in  the  regions  where  the  composition 
of  the  alloy  —  due  to  internal  adsorption  —  is  sub¬ 
stantially  different  from  that  of  an  average  composition 
determined  through  a  chemical  analysis  for  the  entire  mass 
(or  the  entire  volume).  The  fact  that  the  Influence  of 
internal  adsorption  depends  on  the  preceding  heat  treat¬ 
ment  is  also  Important  in  this  case.  It  follows  from  this 
that  the  "small"  Impurities,  frequently  not  even  accounted 
for  by  the  analysis,  may  noticeably  alter  the  heat  re¬ 
sistance  of  the  alloy  to  various  degrees,  depending  on  the 
treatment.  It  can  be  assumed  that  the  main  factor  which 
determines  the  heat  resistance  of  a  crystal  is  the 
interatomic  bond  in  its  lattice.  This  bond  varies  with 
the  composition  of  the  solid  solution.  However,  the  heat 
resistance  of  a  real  polycrystalline  body  is  determined 
by  the  Interatomic  bonds,  that  is,  in  those  regions  of  the 
body  where  deformation  originates  and  develops.  And  since 
the  internal  adsorption  can  change  the  composition  in 
these  regions  quite  substantially,  their  Interatomic  bonds 
may  prove  to  be  greatly  different  from  those  existing  in 
the  lattice  of  a  solid  body  which  has  the  average  compo¬ 
sition  of  the  given  alloy.  This  Important  fact  must  be 


-'•'For  instance,  to  study  the  general  problems  of  heat 
resistance,  we  have  used  ferrum-chromlum-nickel  alloys 
of  the  heat-resistant  type,  close  in  composition  to  those 
used  in  practice  but  more  simple. 
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ramomberod  when  studying  the  Influence  of  the  composition 
of  the  alloy  on  the  Interatomic  bonds  in  It  and  on  its 
heat  resistance,  since  this  may  cause  the  Incompleteness 
and  the  ambiguity  of  the  results  of  such  an  investigation. 

The  above  considoratlons  form  the  basis  of  the  com¬ 
plex  work  on  the  theory  of  heat  resistance  conducted  in 
the  Institute  during  the  period  1949-1954.  At  present 
the  first  phase  of  this  work  la  completed.  The  results 
obtained  make  it  possible  to  assume  that  our  suppositions 
on  the  role  of  localization  of  deformation  on  the  struc¬ 
tural  nonuniformities  and  of  the  internal  adsorption  of 
impurities  on  them  were  to  some  degree  correct.  With 
respect  to  such  nonunlformlties  as  intergranular  coupling 
in  polycryatalllne  alloys  (under  certain  deformation 
conditions),  this  role  becomes  substantial,  and  there  is 
reason  to  assume  that  the  heat  resistance  is  Influenced 
by  the  localization  of  deformation  and  by  the  internal 
adsorption  of  impurities  on  finer  structural  nonunlforml- 
tles  —  on  cells  of  subcrystallite  structure  (further  work 
is  planned  in  this  direction). 

Thus,  the  immediate  problem  set  forth  by  the  team 
of  scientific  workers  of  the  Institute  was  solved.  In 
this  connection  there  arose  the  need  of  summing  up  the  re¬ 
sults  obtained  at  the  completion  of  the  first  phase  of  the 
study  of  the  problem  of  the  theory  of  heat  resistance,  to 
which  this  collection  of  articles  is  devoted. 

The  article  by  V,  I.  Arkharov  and  M.  B,  Yakuto** 
vich  (2)*  gives  a  developed  substantiation  of  the  investi¬ 
gations  conducted  in  the  Institute  on  the  problem  of  heat 
resistance  and  a  detailed  elucidation  of  the  general 
leading  idea  of  the  entire  complex  of  these  investigations. 

The  works  described  in  the  article  by  V,  I, 

Arkharov,  I,  P.  Pollkarpova,  S.  I.  Ivanovskaya,  and 
N.  P.  Chuprakova  (3),  and  the  article  by  V.  I,  Arkharov 
and  A,  A.  Pen’tina  (4)  are  devoted  to  the  elucidation  of 
the  adsorption  activity  of  admixtures  of  a  number  of 
elements  (molybdenum,  tungsten,  niobium,  titanium, 
aluminum,  and  boron)  in  ferrum-chromlum-nlckel  austenite. 
The  first  article  describes  the  investigation  of  the 
dlffuslonal  mobility  of  one  of  the  main  components  of  the 


*Th0  numbers  of  the  references  (in  parentheses)  correspond 
to  the  order  of  the  articles  in  the  collection  (see  index). 
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alloy  (nickel)  In  the  Intergranular  transitional  zones  — 
a  characteristic  important  for  heat  resistance,  since 
plastic  deformation  has  a  diffusion  mechanism. 

A  confirmation  of  this  fact  is  obtained  by 
analyzing  the  experimental  data  on  high- temper aturo  re¬ 
laxation  of  stresses.  This  analysis  is  given  in  the 
article  by  G.  N.  Kolesnikov  and  A*  I.  Moiseyev  (10); 
the  article  by  0.  N.  Kolesnikov,  A.  I.  Moiseyev,  and 
M.  V.  Yakutovich  (9)  is  devoted  directly  to  the  experi¬ 
mental  work  on  measuring  the  relaxation  of  stresses.  The 
correlation  between  the  data  on  intergranular  diffuslonal 
mobility  of  nickel  and  the  data  on  the  relaxation  of  stresses 
in  the  tested  alloys,  which  confirms  the  basic  assumptions 
concerning  the  mechanism  of  high-temperature  deformation 
as  well  as  the  role  of  internal  adsorption  in  this  case, 
is  given  in  the  article  by  V.  I.  Arkharov,  S.  I.  Ivanovskaya, 
G.  N.  Kolesnikov,  and  A.  I.  Moiseyev  (11).  The  article 
by  V.  S.  Averklyev,  G.  N.  Kolesnikov,  A.  I.  Moiseyev,  and 
M.  V.  Yakutovich  (8)  gives  the  description  of  the  methods 
of  measuring  high-temperature  relaxation  of  stresses. 

The  article  by  V.  A,  Pavlov,  E.  S.  Yakovleva,  and  M,  V. 
Yakutovich  (5;  relates  the  basic  experimental  data  on  the 
influence  of  small  admixtures  of  "horophlle"  (active  with 
respect  to  internal  adsorption)  elements  on  the  creep  of 
solid  solutions.  It  has  been  shown  in  this  work  that  at 
low  stresses,  when  deformation  is  considerably  localized 
in  the  intergranular  transitional  zones,  such  an  admixture 
has  a  strenthenlng  effect.  At  high  stresses,  when  de¬ 
formation  is  mainly  of  a  displacive  nature  and  extends 
over  the  entire  volume  of  the  crystallite,  the  role  of 
internal  adsorption  of  a  small  admixture  in  the  inter¬ 
granular  zones  comes  to  naught,  and  in  some  cases,  at 
high  stresses,  a  small  admixture  can  reduce  the  resistance 
of  the  material  to  flow.  Additional  data  on  this  problem 
are  contained  in  the  article  by  M.  G.  Gaydukov  and 
V.  A.  Pavlov  (14),  as  well  as  in  the  article  by  E.  S. 
Yakovleva  (6). 

The  article  by  E.  S.  Yakovleva  (7)  accounts  for 
the  results  obtained  in  attempting  to  get  a  mlcrolntcr- 
ferometrlc  confirmation  of  changes  and  of  distribution 
of  deformation  over  the  grain  of  the  metal  in  alloying 
it  with  small  admixtures.  The  first  very  small  additions 
markedly  influence  deformation,  which  is  (at  low  stresses) 
localized  at  the  intergranular  boundaries.  Further  in¬ 
crease  in  the  concentration  of  the  admixture  introduces  a 
thickness  of  crystallites  into  the  deformation  process 


and  raises  the  flow  rate.  These  results  also  agree  with 
the  basic  hypothesis  on  the  Influence  of  Internal  adscrp- 
tion  of  admixtures  on  the  heat  resistance,  and  supplement 
this  hypothesis  with  indications  on  the  rar*ge  of  condi¬ 
tions  of  deformation  where  the  Internal  adsorption  plays 
a  substantial  role. 

In  the  course  of  investigating  the  relaxation  of 
stresses  In  some  alloys,  there  was  detected  a  peculiar 
effect  of  ’’negative  relaxation",  which  consisted  of  a 
build-up  of  stresses  in  time  rather  than  the  usual, 
natural  droop  of  stresses,  This  effect  was  explained  on 
the  basis  of  an  assumption  of  the  phase  transformation's 
taking  place  —  under  condillons  of  relaxation  testing  -- 
in  the  material  as  the  specific  volume  is  reduced  (12). 
This  effect  obtained  further  confirmation  in  the  work 
by  M,  G.  Gaydukov  and  V.  A.  Pavlov  (13) * 

The  article  by  V.  I.  Arkharov  (l6)  is  devoted  to 
discussing  the  possibility  of  practicing  the  basic  idea 
of  this  complex  of  studies  on  subcrystalllte  structural 
noniiniformitles,  and  particularly  on  those  which  occur  and 
develop  during  aging.  If  we  take  into  consideration  the 
fact  that  moat  heat-resistant  alloys  can  be  classified  as 
aging,  the  problem  of  the  Influence  of  Internal  adsorption 
of  admixtures  structural  ncnunlformltles  on  the  heat 
resistance  of  an  alloy  develops  into  a  problem  of  major 
significance.  Thus,  in  essence,  is  mapped  the  program  of 
an  Important  section  of  remaining  work  connected  with 
the  creation  of  the  theory  of  heat  resistance;  this  pro¬ 
gram  is  the  logical  development  of  works  already  conducted 
in  the  Institute  and  stated  in  this  collection. 


*  *  * 


7 


Heat  Resistance  and  Internal  Adsorption  In  Poly crystalline 

Alloys* 


I.  General  Considerations  on  the  I^echanlsm  of  Plastic 
Deformation  at  Low  and  Elevated  Temperatures  and  on 
Internal  Adsorption  In  Solid  Alloys 

By  V.  I.  Arkharcv  and  M.  B.  Yakutovlch 


Raising  the  heat  resistance  of  a  poly crystal line 
alloy  consists  In  preventing  and  encximberlng  the  elementary 
processes  of  plastic  deformation  at  elevated,  possibly 
much  higher,  temperatures.  !Rils  can  be  attained,  on  the 
one  hand,  by  preventing  or  encumbering  the  nucleatlon  of 
the  elementary  act  of  plastic  deformation  and,  on  the 
other,  by  preventing  Its  propagation  and  development  (the 
formation  of  a  bulld-up  process  consisting  of  new  nucleatlon 
cf  elementary  acts  and  their  propagation  In  groups). 


*Thia  article  Is  based  on  a  report  written  by  V.  I.  Arkharov 
made  on  behalf  of  the  entire  group  of  workers  of  the 
Institute  of  Physics  of  Metals  of  the  Academy  of  Sciences 
USSR,  Ural  Branch  (IPM  UFAN),  which  had  participated  In 
the  works  on  hoat  resistance  produced  during  the  period 
1948-'1953  (the  report  was  read  at  the  Scientific  Technical 
Session  on  Heat-Resistant  Alloys  In  Moscow,  1953) ;  the 
text  has  been  supplemented  In  accordance  with  the  results 
of  the  works  conducted  In  1954. 

M.  V.  Yakutovlch,  who  had  taken  direct  part  In  these 
works  In  the  first  part  of  the  above  period  and  had  kept 
In  touch  with  them  during  the  second  part  of  the  same 
period.  Is  responsible,  together  with  V.  I.  Arkharov,  for 
the  scientific  Idea  which  was  the  basis  of  all  works  on 
the  theory  of  heat  resistance  carried  out  during  this  time 
In  the  IFM  UFAN.  This  Idea  consists  of  a  presentation  of 
the  combined  Influence  of  two  factors  on  plastic  deforma¬ 
tion:  (1)  localization  of  plastic  deformation  on  struc¬ 
tural  nonuniformities;  and  (2)  Internal  adsorption  of 
dissolved  Impurities  on  the  same  nonuniformities. 
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It  la  obvious  that,  to  prevent  plastic  deformation, 
we  must  know: 

(1)  the  mechanism  of  nucleatlon  of  the  elementary 
act  of  plastic  deformation; 

(2)  the  conditions  favorable  and  unfavorable  to 
the  nucleatlon; 

(3)  the  localization  sites  of  these  conditions; 

(4)  the  propagation  mechanism  of  the  elementary 
act  of  plastic  deformation; 

(5)  the  conditions  favorable  and  unfavorable  to 
Its  expansion;  and 

(6)  the  distribution  of  these  conditions  In  a 
polycry stalllne  aggregate, 

1.  Nucleatlon  Mechanism  of  Plastic  Deformation 

It  can  be  assumed  (1)  that  In  the  basis  of  the 
elementary  act  of  plastic  deformation  In  general  and  at 
high  temperatures  In  particular  lies  the  act  of  atomic 
displacement  from  the  lattice  point  to  the  nearest  Inter¬ 
stice  In  the  region  of  the  lattice  elastically  most  dis¬ 
torted;  such  a  displacement  occurs  under  the  influence  of 
fluctuation  of  thermal  motion  and  represents  an  elementary 
act  of  diffusion  directed  by  the  acting  stress.  The  act 
of  displacement  may  develop  further  by  means  of  a  repeti¬ 
tion  of  similar  acts  performed  by  the  adjoining  atoms,  in 
which  the  force  effect  of  distortion  created  In  the 
lattice  by  the  first  displacement  subsequently  spreads. 

Thus,  the  elementary  act  of  plastic  deformation  of  the 
displaclve  type  can  develop  and  expand,  covering  the  region 
of  either  a  larger  or  smaller  lattice.  For  a  directed 
propagation  of  an  elementary  deformation  process  it  is 
necessary  to  have  a  field  of  stresses  which  is  created  by 
external  effects  on  the  polycrystalline  body  and  which 
has  certain  directions  within  the  limits  of  the  region 
in  the  lattice  considerably  exceeding  the  normal  Interatomic 
distance. 

With  this  mechanism  of  nucleatlon  of  the  elementary 
act,  the  conditions  favorable  to  Its  nucleatlon  are  the 
distortions  available  In  the  lattice  beforehand  and  reducing 
the  energy  barrier;  the  latter  must  be  overcome  so  that 
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tho  atom  can  bo  dlsplacod  from  the  lattice  point.  The 
atomic  displacements ,  Including  also  the  first  displace¬ 
ment,  constitute  the  elementary  act  of  plastic  deformation. 
In  order  to  direct  them  In  a  certain  manner,  It  Is  necessary 
that  the  favoring  Initial  distortions  are  oriented  In  a 
certain  manner,  or  that  they  arc  not  oriented  unfavorably. 
Obviously,  the  conditions  favorable  to  tho  nucleatlon  of 
elementary  acts  of  plastic  deformation  are  most  probably 
encountered  In  regions  where  there  are  In  general  lattice 
distortions  which  are  not  oriented;  for  Instance,  near 
the  structural  nonunlformltles.  First,  we  may  refer  here 
to  tho  Intergranular  transitional  zones  (roughly  described 
as  intergranular  "boundaries");  we  may  also  refer  to  tho 
Interlump  zones  on  the  "boundaries"  of  the  lumps  of  the 
subcrystallite  structure  In  general  (distortion  zones 
surrounding  tho  submlcroacoplc  inclusions  of  different 
sizes  up  to  Individual  forolgn  atoms,  otc.).  And  we  may 
also  refer  to  the  distortion  zones  which  are  to  some 
degree  oriented;  for  instance,  the  boundaries  of  twin 
crystals,  traces  of  slippage  which  had  earlier  talcen  place 
in  this  crystal  under  the  Influence  of  different  effects, 
and  so  forth.  In  view  of  the  fact  that  In  the  regions  of 
these  uniformities  there  are  distortions  of  a  disordered, 
complex  nature,  there  will  always  be  found  among  these 
distortions  such  that  will  enhance  the  nucleatlon  of  the 
elementary  act  of  plastic  deformation,  an  act  which  is 
oriented*  according  to  the  field  of  acting  stresses, 

2.  The  Mechanism  of  Inhibition  of  the  Elementary 
Act  of  Plastic  Deformation 

Parallel  with  the  nucleatlon  of  the  elementary  act 
of  plastic  deformation  we  mjst  also  discuss  the  conditions 
which  Inhibit  (end  tho  propagation  of)  the  act  which  had 
already  originated.  The  most  favorable  conditions  "relay" 
the  displacements  from  one  atom  to  the  adjoining  one  — 
in  a  regular  lattice  where  each  preceding  displacement 
causes  the  one  which  follows,  since  at  each  subsequent  dis¬ 
placement  the  periodic  field  of  the  lattice  becomes  dis¬ 
torted  to  such  an  extent  that  tho  atom  which  adjoins  the 
distortion  Is  pushed  out  from  Its  "energy  pit". 


*In  other  words,  the  first  atomic  displacement  will  occur 
in  a  direction  in  which  the  displacement  of  the  second  atom 
caused  by  the  first  displacement,  as  well  as  all  the 
following  displacement,  will  be  composed  into  a  displacivo 
process  directed  according  to  the  field  of  stresses. 
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Thus,  since  the  elementary  act  of  plastic  defonna- 
tlon  had  already  started,  it  will  propagate  in  a  regular 
lattice  to  a  macroscopic  distance.  To  Inhibit  and  stop 
this  process  we  must  disturb  the  regularity  of  the  lattice. 
When  the  process  of  plastic  deformation  approaches  the 
region  of  this  disturbance,  the  next  atomic  displacement 
will  create  a  distortion  of  the  lattice  which,  being  super¬ 
posed  on  the  earlier  disturbance  and  thereby  being 
diminished,  will  prove  to  bo  insufficient  to  push  out  the 
next  atom  from  its  energy  pit.  The  relaying  process  of 
displacement  will  be  interrupted  here;  the  process  of 
plastic  deformation  will  be  inhibited  —  at  least  in  this 
sector  of  the  propagation  front. 

The  causes  disturbing  the  regularity  of  the  lattice 

are: 


(a)  the  fluctuation  of  thermal  motion;  and 

(b)  prolonged  distortion  of  the  lattice  duo  to 
causes  existing  beforehand,  long  before  the  elementary 
process  of  plastic  deformation  had  approached  this  region. 

The  chaotic  state  (disordered  state)  of  the  thermal 
motion  makes  it  difficult  to  achieve  the  regular  sequence 
of  relaying  the  dlsplacive  effects  from  one  atom  to  another 
in  the  propagation  process  of  the  dlsplacive  plastic 
deformation.  The  therual  displacements  create  short-term 
local  distortions  of  the  lattice  which  may  become  sizable 
to  the  extent  that  the  will  interrupt  the  relay  of  dis¬ 
placements  which  forms  the  dlsplacive  process,  provided 
such  a  distortion  (fluctuation)  originates  the  moment  the 
relay  approaches  the  given  region  of  the  lattice. 

The  influence  of  fluctuation  of  the  thermal  motion 
on  the  propagation  of  the  dlsplacive  processes  depends  on 
the  frequency  of  the  fluctuations  in  time  and  space.  Since 
the  fluctuations  increase  their  frequency  in  time  and 
space  with  the  rise  in  temperature,  the  elementary  pro¬ 
cesses  of  the  dlsplacive  plastic  deformation  diminish  in 
size  and  approach  the  elementary  act  of  diffusion  at  a 
sufficiently  high  temperature.  At  this  temperature,  the 
macroscopically  visible  plastic  deformation  is  made  up 
of  elementary  diffusion  acts,  not  Interrelated  by  a  defi¬ 
nite  regular  space-time  sequence. 

In  this  sense,  plastic  deformation  at  high  tempera¬ 
tures  may  be  called  diffusion  ductility. 
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The  Influence  of  the  second  cause  on  the  propagation 
and  development  of  displaclve  processes  depends  on  the 
nature  of  the  space  distribution  of  the  initial  distortions 
in  the  lattice,  on  the  distances  between  the  sites  of 
distortion,  and  on  the  expanses  of  these  sites.  In  parti¬ 
cular,  if  these  sites  are  the  nodes  or  the  interstices  of 
the  lattice  replaced  by  foreign  atoms  (in  solid  solutions), 
the  propagation  of  the  displaclve  process  depends  on  the 
concentration  of  the  solid  solution. 

3.  The  Development  of  Plastic  Deformation  as  a 
Dialectical  Unity  of  Opposite  Factors 

In  examining  the  conditions  of  nucleation  of  ele¬ 
mentary  processes  of  plastic  deformation,  as  well  as  the 
conditions  of  their  inhibition,  we  find  that  the  physical 
nature  of  the  Influence  of  structural  nonuniformities  of  a 
polycrystalline  body  on  the  course  of  the  deformation 
phenomena  becomes  profoundly  dialectical:  these  nonunifor¬ 
mities  bring  about  the  nucleation  of  the  processes  of 
plastic  deformation  and  cause  the  inhibition  of  these  pro¬ 
cesses  . 


Thus,  the  development  of  processes  of  plastic  de¬ 
formation  reflects  the  struggle  of  these  two  opposites. 

The  rise  in  the  number  of  nonuniformities  in  a  unit  of 
volume  of  a  crystalline  medium  facilitates  the  nucleation 
of  the  deformation  processes,  making  their  occurrence  more 
frequent  in  time  and  space.  At  the  same  time  the  rise  in 
the  number  of  nonuniformities  leads  to  a  reduction  in  the 
expanses  between  them  where  the  undlstorted  lattice  makes 
possible  the  propagation  of  each  originating  displaclve 
process;  as  a  result  the  development  of  plastic  deformation 
is  curtailed.  Obviously,  the  different  "denseness"  of  the 
distributed  nonuniformities  leads  to  various  combinations 
of  their  stimulating  and  paralyzing  influence  on  the 
development  of  plastic  deformation;  at  a  certain  nearness 
the  predominance  of  one  of  the  two  struggling  factors  will 
be  evident,  while  at  some  other  denseness  the  other  factor 
will  predominate.  This  picture  will  look  particularly 
simple  in  a  case  when  the  distortion  regions  of  the  lattice 
near  the  nodes  (or  the  Interstices)  replaced  by  foreign 
atoms  in  solid  solutions  act  as  structural  nonuniformities. 

The  displaclve  processes  can  develop  without 
hindrance  in  an  undlstorted  lattice  of  a  completely  pure 
solvent,  but  the  stimulus  to  their  nucleation  is  lacking. 
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There  la  such  a  stimulus  In  the  presence  of  a  low 
concentration  of  the  dissolved  component;  the  dlsplaclve 
processes  which  originate  can  develop  comparatively  freely, 
since  obstruction  In  the  form  of  replaced  nodes  which  are 
encountered  Is  rare. 

As  the  concentration  Increases,  obstructions  to  the 
propagation  of  the  dlsplaclve  processes  become  more  fre¬ 
quent  and  deformation  la  hampered.  However,  as  the  con¬ 
centration  becomes  very  high  (this  becomes  particularly 
distinct  In  the  case  of  a  system  with  a  continuous  series 
of  solid  solutions)  In  a  crystalline  lattice,  the  degree 
of  distortion  declines  again,  and  the  distribution  density 
of  the  disturbance  sites  and  --  at  some  concentration  — 
the  deformablllty  of  the  crystal  rise  again. 

Along  with  the  Influence  of  the  distortions  earlier 
originated  In  the  lattice  we  must  also  take  Into  account 
the  distortions  which  originate  In  the  very  development 
process  of  plastic  deformation  In  the  crystal.  The  passage 
of  every  subsequent  elementary  dlsplaclve  process  through 
the  region  of  the  lattice  where  the  preceding  elementary 
dlsplaclve  process  had  passed  and  had  been  halted  prior 
to  It  becomes  difficult  because  of  the  distortions  which 
had  remained  in  this  region;  the  distortions  extend  also 
to  the  regions  adjoining  the  one  where  the  distortion 
which  had  halted  the  preceding  elementary  displacement  is 
localized.  Thus,  as  the  subsequent  elementary  dlsplaclve 
processes  are  being  Inhibited,  the  distortions  of  the 
lattice  build  up  and  their  Inhlbitlve  Influence  on  the 
further  development  of  plastic  deformation  Increases.  This 
is  the  essence  of  the  strengthening  phenomena  in  deforma¬ 
tion. 


Thermal  motion  enhances  the  discharge  of  the 
Inhibited  dlsplaclve  processes  and  the  decline  In  the 
lattice  distortions  caused  by  them:  the  deformed  crystal 
resoftens.  The  resoftenlng  processes  develop  with  the 
intensification  of  thermal  motion,  l.e.,  with  a  rise  In 
temperature.  The  dialectical  struggle  of  opposites  -- 
strengthening  and  resofterdng  —  Is  therefore  characteris¬ 
tic  for  high- temperature  plastic  deformation;  the  picture 
of  high-temperature  deformation  appears  as  a  result  of 
the  struggle  of  these  opposites. 

Besides  the  Influence  of  the  concentration  of  the 
solid  solution  on  the  development  processes  of  plastic 
deformation  we  must  also  take  Into  accoxint  the  Influence 
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of  the  deformation  rate;  In  other  words,  the  magnitude  of 
the  acting  stresses.  Both  these  factors  determine  the 
greater  or  smaller  degree  of  participation  of  the  entire 
volume  of  the  crystallite  in  plastic  deformation  and  the 
localization  of  the  latter  In  the  regions  of  structural 
nonuniformity. 

Higher  deformation  rates  enhance  the  development 
of  overstreeses  on  nonuniformities,  and  greater  acting 
stresses  are  favorable  to  the  development  of  the  dlsplacive 
processes  within  the  entire  volume  of  the  crystallite  where 
nonunlformltles  of  all  sizes  are  distributed. 

At  low  stresses  (at  slow-rate  deformation),  parti¬ 
cularly  at  elevated  temperatures,  defonnation  is  localized 
to  a  greater  degree  at  the  structural  nonunlformltles, 
without  exceeding  the  bounds  of  the  regions  nearly  ad¬ 
joining  these  nonunlformltles. 

The  resof tenlng  factor  has  the  same  tendency :  at 
high  deformation  rates,  resoftenlng  Is  unable  to  take 
place  at  the  degree  at  which  it  is  accomplished  during 
slov;  deformation,  when  the  removal  of  strengthening  at  the 
region  where  deformation  begins  makes  it  impossible  to 
propagate  the  deformation  process  to  the  adjoining  re¬ 
gion  (l.e.,  to  develop  into  a  dlsplacive  process)  and 
deformation  becomes  localized  in  the  region  of  structural 
nonuniformities. 

4.  Localization  Mechanism  of  Plastic  Deformation 
at  the  Intergranular  Boundaries 

Among  the  variety  of  causes  of  lattice  distortion 
in  polycrystalline  bodies  there  are  such  whose  action  is 
most  stable  with  respect  to  time  (those  that  resist  to  a 
substantial  degree  the  balancing  influence  of  thermal  mo¬ 
tion)  and  at  the  same  time  appear  to  be  the  strongest 
(cause  the  greatest  distortions).  This  is  the  influence 
of  the  neighborhood  of  adjoining  crystallites  with  strongly 
differing  orientations,  which  distorts  the  lattice.  At 
the  articulation  of  such  crystallites  —  as  has  been 
pointed  out  earlier  (2-6)  —  there  must  be  transition 
(intergranular)  zones,  generally  of  polyatomic  thickness; 
the  arrangement  of  atoms  in  these  zones  is  only  partly 
coordinated  and  the  degree  to  which  the  order  is  disturbed 
increases  at  the  transverse  transition  from  the  crystallite 
to  the  central  zone  (from  both  sides),  where  the  lattice  la 
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distorted  to  Its  maximum.  According  to  the  crystallographic 
nature  of  nets  arranged  parallel  to  the  joint  boundary  in 
both  of  the  adjoining  crystallites,  the  degree  of  lattice 
distortion  in  such  a  transverse  transition  depends  on  the 
location  (with  respect  to  the  crystallographic  axes  in  the 
net-plane)  of  the  region  of  the  intergranular  zone  on 
which  the  transverse  transition  can  be  tracod.  In  some  of 
these  regions,  the  transverse  transition  through  this  zone 
can  be  achieved  while  maintaining  mpst  of  the  coherency  in 
the  arrangement  of  the  atoms;  in  other  regions,  this 
transition  is  accompanied  by  an  almost  complete  loss  of 
coherency  in  the  central  zone. 

Without  going  into  a  more  detailed  description  of 
the  constitution  of  the  intergranular  transitional  zone 
(2-6),  we  can  conclude  that  as  long  as  there  exists  an 
intergranular  transitional  zone  it  will  contain  regions 
with  an  atom  arrangement  considerably  different  from  a 
regular  crystalline  lattice  and,  consequently,  with  excess 
potential  energy.  We  will  call  this  energy  the  excess 
energy  of  Intergranular  transitional  zones,  as  distinct 
from  the  Incorrect  concept  "surface  energy  of  intergranu¬ 
lar  boundaries",  which  la  frequently  applied.  The  nucleatlon 
of  the  elementary  acts  of  plastic  deformation  in  the 
intergranular  transitional  zones,  as  well  as  the  initiating 
elementary  diffusion  acts,  la  eased  —  depending  on  the 
thickness  of  the  crystallite  —  due  to  this  excess  energy, 
to  a  degree  which  increases  with  the  rise  in  temperature. 

This  means  that  with  the  increase  in  temperature  the 
plastic  deformation  processes  (at  stresses  not  too  high) 
will  concentrate  to  a  greater  and  greater  degree  in  the 
Intergranular  transitional  zones  and  in  the  adjoining 
layers  of  the  crystalline  lattice  of  both  crystallites 
linked  through  the  zone. 

At  the  same  time  we  must  take  into  account  the  fact 
that  with  a  macroscopic  uniform  stressed  state  of  a 
single-phase  polycrystalllno  material  there  occur  over- 
stresses  in  the  boundary  zones,  the  adjoining  sites  of 
differently  oriented  regions  of  the  media  which  are 
anisotropic  by  their  elastic  properties.  This  also  leads 
to  a.  localization  of  the  origination  of  plastic  deformation 
processes  in  the  Intergranular  transitional  zones. 

The  fact  (as  mentioned  above)  that  the  resoftening 
processes  arc  Intensified  with  the  rise  in  temperature 
is  of  utmost  importance.  At  low  temperatures,  when  the 
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strengthening  factor  la  substantial,  plastic  deformation 
which  had  originated  and  had  begun  to  develop  In  the 
intergranular  zone,  strengthening  the  adjoining  regions, 
la  paaaed  on  deep  down  the  crystallite  to  where  the  material 
la  not  yet  hardened;  consequently,  deformation  may  begin 
at  lower  stresses.  At  elevated  temperatures,  due  to 
weakening  which  Immediately  follows  plastic  deformation, 
the  latter  Is  not  passed  on  deep  down  the  crystallite, 
since  the  stresses  there  are  lower  than  In  the  overstressed 
intergranular  zones,  while  the  activation  energy  Is  higher 
due  to  the  absence  of  a  distorted  lattice. 

5.  Experimental  Proof  of  Localization  of  Plastic 
Deformation  in  Intergranular 
Conjunctions  at  High  Temperatures 

The  tendency  of  plastic  deformation  processes  to 
localize  In  intergranular  conjunctions  la  shown  experi¬ 
mentally.  The  elongation  of  macrocrystalline  aluminum  at 
various  temperatures  was  Investigated  in  the  tests  con¬ 
ducted  by  M.  V.  Yakutovich  and  E.  S.  Yakovleva  (7).  The 
elongation  of  a  bicrystal*  of  aluminum  led  to  the  forma¬ 
tion  of  a  "node"  near  the  intergranular  conjunction  (l.e., 
the  transverse  dimensions  of  the  specimen  were  found 
greater  than  In  Its  other  parts  along  the  axis).  The 
deformation  at  the  same  rate  at  400®  showed  no  formation 
traces  of  a  "node"  near  the  intergranular  conjunction. 

The  flow  at  550°  under  a  constant  stress  of  0.144 
kg/mffl‘=  has  led  to  the  localization  of  deformation  (kinks)  , 
In  the  boundary  zones  of  the  crystallites.  To  confirm 
the  localization  of  plastic  deformation  at  the  intergranu¬ 
lar  conjunction  at  high  temperatures,  we  can  cite  certain 
observations  of  a  similar  localization  In  creepage  tests 
and  a  considerable  rise  in  croep  strength  at  the  coarsening 
of  the  grain. 

6.  Intergranular  Internal  Adsorption 

The  presence  of  excess  energy  In  the  intergranular 
transitional  zones  may  also  cause  another  phenomenon 
independently  of  the  localization  of  the  deformation 
processes. 


*The  intergranular  transitional  zone  was  arranged  across 
the  tensile  stress  (force). 
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In  the  presence  of  foreign  atoms  In  a  crystal, 
namely,  atoms  of  an  impurity  dissolved  in  the  crystal  in 
a  low  concentration  (considerably  lower  than  the  solubility 
of  this  impurity  at  this  temperature),  the  processes  of 
self-diffusion  will  rearrange  these  foreign  atoms  in  the 
lattice. 

It  may  turn  out  that  the  atoms  of  certain  (so-called 
"horophile")  elements,  which  are  present  in  the  crystal 
as  impurities,*  may  get  into  the  intergranular  transitional 
zone  by  means  of  self-diffusion  and  replace  the  atoms  of 
the  solvent  in  this  zone,  partly  reducing  the  excess  energy 
of  the  zone.  This  reduction  may  be  caused  by  the  fact 
that  the  atoms  of  this  impurity  will  be  of  a  different 
size  than  those  of  the  solvent,  and  also  because  the  inter¬ 
action  forces  between  the  atom  of  the  impurity  and  that  of 
the  solvent  differ  from  the  interaction  forces  between  two 
atoms  of  the  solvent.  Consequently,  getting  into  the  inter¬ 
granular  zone  by  means  of  self-diffusion,  the  atom  of  the 
admlxtur'*  /ill  be  found  in  a  more  stable  (equilibrium) 
state  as  r  ompared  to  the  atom  of  the  solvent  which  had 
been  replaced.  It  will  take  a  greater  activation  energy 
to  recover  this  impurity  atom  from  its  position  in  the 
Intergranular  transitional  zone  and  to  send  it  to  the 
nearest  less  distorted  lattice  than  for  a  similar  transfer 
of  the  solvent  atom.  Therefore,  the  impurity  atoms 
getting  into  the  Intergranuleu’  zone  (which  is  where  the 
solvent  atoms  also  get  in)  by  means  of  self-diffusion  will 
stay  there  longer  than  the  solvent  atoms;  consequently, 
the  concentration  of  the  admixture  in  the  intergranular 
transitional  zone  will  be  Increased.  This  phenomenon, 
which  is  analogous  to  the  dlbbs  effect  on  the  free  inter¬ 
face  of  two  different  media,  we  called  (2,  8,  9,  10)  inter¬ 
granular  Internal  adsorption*. 

Duo  to  the  Intergranular  Internal  adsorption,  the 
concentration  of  certain  impurities  in  the  Intergranular 
transitional  zones,  which  are  positively  active  with 
respect  to  internal  adsorption  (in  the  conception  Just 


♦The  concept  of  Intergranular  internal  adsorption  may  be 
extended  to  any  case  of  structural  nonuniformity  in 
solids;  the  lower  the  excess  local  energy  related  to  such 
structural  nonuniformity  the  weaker  will  be  the  Internal 
adsorption. 
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stated)  and  which  are  called  for  short  horophlle  admix¬ 
tures  ,  may,  due  to  the  Intergranular  Internal  adsorption, 
become  very  high,  although  In  the  crystallite  mass  (and 
upon  the  average  over  the  entire  volume  of  the  poly¬ 
crystalline  body)  the  concentration  may  be  very  low  v/lth 
respect  to  both  the  absolute  value  and  the  solubility  at 
this  temperature. 

In  accorclance  with  the  conception  of  the  structure 
of  the  intergranular  transitional  zone,  which  unites 
continuously  and  smoothly  by  each  of  its  sides  with  the 
corresponding  crystallite,  the  rise  In  concentration  of  the 
horophlle  admixture  la  smoothly  accomplished,  with  each  of 
two  sides  attaining  a  maximum  In  the  central  part  of  the 
zone,  where  the  arrangement  of  the  atoms  la  most  distorted, 
as  compared  to  a  regular  lattice,  and,  consequently,  the 
excess  energy  is  at  Its  maximum.  In  this  central  part 
of  the  transition  zone  the  concentration*  of  the  horophlle 
admixture  may  even  exceed  the  solubility  which  is  deter¬ 
mined  for  the  macroscopic  volume  of  the  body,  since  the 
crystalline  lattice  Is  almost  completely  disturbed  In  this 
part  of  the  zone.  As  for  the  parts  of  the  transitional 
zone  situated  nearer  to  each  of  the  two  crystallites  being 
Joined  by  It,  the  arrangement  of  the  atoms  approaches  a 
regular  lattice;  in  these  parts  the  concentration  gradually 
decreases,  changing  smoothly  to  the  central  concentration 
common  to  the  entire  volume  of  the  body  —  where  the 
lattice  turns  out  to  have  almost  no  visible  distortions. 
Considering  the  entire  Intergranular  transitional  zone  as 
a  v/hole,  we  can  speak  of  Its  mean  value  of  Increased 
concentration;  this  value  must  be  related  with  the  solu¬ 
bility,  l,e.,  with  the  maximum  high  concentration  of 
this  horophlle  element  which  can  be  held  by  the  crystalline 
lattice  of  the  solvent.  Such  a  correlation  between  the 
adsorptive  Increased  concentration  and  the  solubility  is 
caused  by  the  fact  that  solubility  Is  determined  by  the 
nature  of  interatomic  interactions  in  the  crystalline 
lattice,  and  in  a  Intergranular  transitional  zone,  con¬ 
sidered  as  a  whole,  we  do  have  a  crystalline  lattice,  though 
it  is  distorted. 

-  The  structural  details  of  transcrystallite 


*For  such  thin  layers  of  a  substance  as  the  "central 
part  of  the  transitional  zone"  we  can  speak  of  concentra¬ 
tion  only  If  we  boar  In  mind  the  expanse  of  these  layers 
along  the  zone. 
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transitional  zones,  tholr  expanse  across,  the  degree  of 
distortion  of  the  crystalline  lattice  In  them,  and,  con¬ 
sequently,  their  excess  energy  are  distinguished  according 
to  the  varieties  In  relative  crystallographic  orientation. 
The  excess  energy  also  causes  diversities  In  the  level 
adsorptive  Increase  of  concentration  In  the  zones.  For  a 
large  volume  of  polycrystalllne  material.  In  the  absence  of 
a  distinctly  manifested  uniformity  In  the  orientations  of 
the  crystallites  (l.e.,  In  the  absence  of  a  highly  perfected 
texture),  the  Intergranular  Internal  adsorption  will  display 
Itself  to  a  greater  or  smaller  degree  throughout,  and  we 
can  apeak  of  an  averaged  Increase  of  concentration  of  the 
hoi'ophlle  admixture  In  the  transitional  zones  as  well  as  of 
the  averaged  value  of  the  "thickness"  of  the  zones  and 
their  excess  energy. 

The  variation  In  concentration  In  the  transitional 
zones,  which,  generally  speaking,  may  attain  high  levels, 
can  considerably  change  the  properties  of  a  solid  solution 
and  the  development  conditions  of  the  plastic  deformation 
processes  In  those  zones,  depending  on  the  mass  of  the 
crystallites. 

With  a  change  In  temperature,  the  concentration  of 
the  horophlle  admixture  In  Intergranular  transitional 
zones,  estimated  on  the  average,  will  vary  according  to 
the  variation  In  solubility,  which  depends  on  the  tempera¬ 
ture.  Sufficiently  rapid  changes  of  temperature  may  cause 
the  occurrence  of  supers atur at Ion  phenomena  of  the  solid 
solution  In  these  zones,  and  may  even  cause  Its  decomposi¬ 
tion,  despite  the  fact  that  for  the  polycrystalllne  alloy 
as  a  whole  the  concentration  of  this  admixture  Is  low  and 
there  remains  considerably  less  solubility  with  all  the 
temperature  variations  considered. 

This  fact  raises  even  more  the  Importance  of  Inter¬ 
nal  adsorption  for  the  development  of  deformation  processes. 
In  Investigating  the  problem  on  the  influence  of  the 
concentration  of  any  alloying  element  and.  In  particular, 
of  a  small  admixture,  we  must  define  more  accurately  the 
formulation  of  this  problem  with  respect  to  the  horophlle 
activity  of  this  element.  Due  to  Internal  adsorption  on 
various  structural  nonuniformities,  the  true  distribution  of 
a  given  component  In  the  alloy  can  be  found  very  uneven, 
and  then  the  mean  concentration,  which  Is  calculated  for  the 
entire  volume  (more  accurately,  for  the  entire  mass  of  the 
alloy)  will  not  correctly  characterize  the  ability  of  the 
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alloy  to  resist  deformation.  This  ability  will  be  deter¬ 
mined  by  what  the  true  concentration  in  the  sectors  is, 
where  plastic  deformation  begins,  and  to  what  extent  the 
deformation  processes  in  those  sectors  are  localized.  To 
pass  judgement  on  the  heat  resistance  of  an  alloy  wo  must 
know  the  influence  of  internal  adsorption  on  the  distribu¬ 
tion  of  the  concentration  of  the  alloying  elements,  as  well 
as  the  InfluencG  of  the  deformation  rate  on  the  localization 
degree  of  deformation  at  the  structural  nonuniformities. 

7.  Experimental  Proof  of  the  Phenomena  of  Intergranular 
Internal  Adsorption  and  Its  Influence  on  the 
Properties  of  a  Polycrystalline  Alloy 

Despite  the  great  difficulties  of  exposing  and  con¬ 
firming  experimentally  the  intergranular  Internal  adsorp¬ 
tion  (which  is  duo  to  the  thinness  of  the  layers  where  the 
variation  in  the  concentration  of  the  dissolved  admixtures 
occur),  we  have  already  accumulated  some  experimental 
material  which  either  directly  or  indirectly  proves  the 
existonco  of  this  phenomenon  and  makes  it  possible  to  make 
a  number  of  conclusions  on  its  nature,  its  variability 
under  the  Influence  of  various  factors,  and  its  importance 
in  the  properties  of  alloys. 

1/lthout  aiming  to  give  a  detailed  review  of  the 
experimental  data  in  this  article,  we  will  enumerate  only 
the  most  Important  ones. 

1.  An  analysis  of  the  surface  layer  of  an  inter¬ 
granular  fracture  of  steel  containing  a  small  impurity  of 
molybdenum  showing  an  increased  concentration  of  the 
latter  by  comparison  with  the  average  content  in  the  entire 
mass  of  steel  (11). 

2.  An  analysis  of  the  surface  layer  in  the  specimens 
of  a  platinum- silver  alloy  hardened  from  a  temperature  for 
the  maximum  solubility  of  silver  showing  a  substantially 
Increased  concentration  of  silver  by  comparison  with  the 
moan  value  of  0.5  percent  (12). 

3.  A  great  niMber  of  observations  of  Intergranular 
diffusion;  the  Influence  caused  by  impurities  contained  in 
the  alloy  in  which  the  diffusion  is  observed  (4,13-19)*. 


*3ee  also  the  article  by  V.  I.  Arkharov,  S.  I.  Ivanovskaya, 
I.  P.  Pollkarpova,  and  N.  P.  Chuprakova  in  this  collection. 
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of  special  Interest  to  us  in  this  series  of  Investigations 
would  appear  to  be  the  Investigation  of  the  Intergranular 
diffusion  of  silver  In  a  solid  solution  of  palladium  In 
Iron  (20). 

4.  The  dependence  of  the  parameter  of  a  crystalline 
attlce  of  a  solid  solution  containing  a  horophlle  swimlx- 

:-ure  on  the  grain  size;  this  dependence  shows  that  when  the 
grain  breaks  down,  a  portion  of  the  Impurity  which  had 
been  dissolved  In  the  mass  of  the  grain  goes  to  the  newly 
formed  Intergranular  zones  (when  the  grain  subsequently 
coarsens,  It  returns  Into  the  mass  of  the  grains).  The 
effect  was  detected  on  a  number  of  alloys  with  copper  as 
the  basic  material  (21),  as  well  as  on  Ag-Tl  alloys  (22). 

5.  A  micro  X-ray  analysis  of  polycrystalline  solid 
solutions  (silver  and  aluminum)  showing  the  enrichment 

of  the  Intergranular  transitional  zones  with  sliver  (23). 

6.  Selective  oxidation  of  small  Impurities  on  the 
surface  of  the  specimens  of  a  number  of  solid  solutions 
(24,  25). 


7.  A  chemical  analysis  of  the  products  of  a  micro- 
section  etching  of  some  poly crystalline  alloys  (26,  27) 
showing  that  the  concentration  of  certain  dissolved  im¬ 
purities  In  the  intergranular  transitional  zones  differs 
from  the  mean  concentration. 

A  more  detailed  review  of  these  data  has  been 
published  by  one  of  the  authors  of  this  article  (4,  8,  10). 
It  should  be  noted  that  the  Investigations  of  the  Inter¬ 
granular  diffusion  and  the  influence  caused  by  certain 
dissolved  admixtures, 'as  well  as  the  Investigation  of  the 
parameter  of  the  lattice  as  a  function  of  the  grain  size, 
were  also  conducted  on  alloys  of  a  heat-resistant  type; 
they  also  have  confirmed  the  phenomena  of  intergranular 
internal  adsorption.  These  Investigations  are  described 
by  the  articles  In  this  collection*. 

In  addition,  there  Is  experimental  proof  of  the 
assumption  expressed  by  one  of  us  on  the  possibility  of 


*See  the  articles  by  V.  I.  Arkharov,  S.  I.  Ivanovskaya, 
I.  P.  Pollkarpova,  N.  P.  Chuprakova,  as  well  as  those  by 
B.  I.  Arkharov  and  A.  A.  Pen'tlna. 
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internal  adsorption  on  thinner  structural  nonuniformities, 
—  that  is,  on  the  conjunctions  ("boundaries")  of  the 
mosaic  lumps  of  the  crystallites  (28,  29);  obviously,  such 
phenomena  may  occur  on  structural  nonuniformities  which 
originate  in  the  crystals  of  supersaturated  solid  solutions 
in  the  process  of  their  breakdown  (4,  23»  30-33).  This 
phenomenon  may  be  of  particular  Importance  in  the  formation 
of  heat-resistant  properties  in  alloys*. 


II.  The  Importance  of  Structural  and  Concentration 
Nonuniformities  for  the  Heat  Resistance  of  Alloys 

1.  The  Basic  Idea  of  a  Plan  to  Increase  the 
Heat  of  Alloys  —  Using  the  Internal 
Adsorption  of  Small  Impurities 


In  the  light  of  the  general  ideas  stated,  and  as  a 
result  of  their  comparison  and  coordination,  there  came 
into  being  the  basic  idea  for  possible  ways  of  increasing 
the  heat  resistance  of  alloys  used  as  ground  work  con¬ 
ducted  in  the  Institute  of  Physics  of  Metals  of  the  Academy 
of  Sciences  USSR  (AN  SSSR) ,  Ural  Branch;  this  work  is 
described  in  the  contents  of  the  articles  in  this  collect¬ 
ion.  The  idea  can  be  formulated  in  the  following  funda¬ 
mentals. 

1.  Plastic  deformation  in  a  poly crystalline  system 
originates,  as  a  rule,  mainly  on  the  boundaries  of 
crystallites  (in  the  intergranular  transitional  zones). 
Since  at  high  temperatures  hardening  caused  by  plastic 
deformation  is  directly  followed  by  resoftenlng,  the 
plastic  deformation  processes  (at  stresses  not  too  hlgli, 
i.e.,  at  slow  deformation)  localize  in  the  boundary  zones 
and  do  not  propagate  into  the  mass  of  the  crystallites. 

2.  Intergranular  transitional  zones  are  regions  of 
substantial  distortion  in  a  lattice,  even  when  the  entire 
poly crystalline  body  is  in  an  unstressed  state.  The  pe¬ 
culiar  effect  of  internal  adsorption  occurs  in  them  as  the 
result  of  the  excess  energy;  it  is  similar  to  the  Gibbs 
effect  on  the  interface  of  phases  (Gibbs  phase  rule)  and 
may  lead  to  a  substantial  variation  in  the  chemical  compo¬ 
sition  as  compared  to  the  mean  composition  of  the  entire 


*See  the  article  by  V.  I.  Arkharov  in  this  collection. 
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alloy. 


As  for  the  variation  in  the  composition,  it  changes 
tho  properties  of  the  solid  solution,  and  in  particular, 
the  ability  to  resist  the  development  of  plastic  deforma¬ 
tion  processes.  Thus,  it  will  appear  that  the  properties 
of  the  solid  solution  are  changed  in  tho  boundary  zones 
of  the  crystallites,  l.e.,  in  the  sites  where  the  plastic 
deformation  processes  are  principally  localized. 

3.  ViTith  the  rise  in  temperature,  the  elementary 
processes  of  plastic  deformation  become  smaller  in  size, 
and  they  approach  the  elementary  act  of  diffusion:  dls- 
placlve  plastic  deformation  gradually  (with  the  rise  in 
temperature)  "degenerates"  into  diffusion  ductility*. 

Heat  resistance  is  thus  associated  with  the  diffusion  mobility 
of  atoms  in  a  solid  solution,  where  the  diffusion  phenomena 
are  of  preferential  Importance  in  those  regions  of  the  solid 
solution  which  are  adjacent  to  the  structural  heterogeneity, 
particularly,  in  the  regions  adjacent  to  the  boundaries 
between  crystallites,  that  is,  in  the  Intergranular  transi¬ 
tion  zones. 

The  main  factor  which  determines  the  diffusion  mobility 
of  atoms  in  a  crystalline  lattice  are  the  interatomic  bond 
forces.  However,  this  factor  alone  is  insufficient  for  heat 
resistance.  The  heat  resistance  of  an  alloy  of  a  given 
chemical  composition  depends,  in  addition  to  it,  on  a  certain 
content  of  structural  nonuniformities  in  this  composition. 

In  the  absence  of  these  nonuniformities,  it  would  become 
necessary  to  increase  the  interatomic  bond  forces  so  as  to 
completely  prevent  the  nucleatlon  of  an  elementary  act  of 
plastic  deformation,  since  every  act  which  originates  in  an 
undlstorted  lattice  develops  on  a  macroscopic  scale  in  view 
of  the  fact  that  there  are  no  obstacles  to  its  propagation. 

The  presence  of  structural  nonuniformities  makes  this  condi¬ 
tion  (dependence)  unnecessary  and  permits  it  to  be  replaced 
by  a  condition  of  maximum  possible  intensification  of  inter¬ 
atomic  bonds  by  means  of  selecting  the  corresponding  basic 
components. 


*Thia  does  not  exclude  the  fundamental  possibility  of  dls- 
placive  processes  at  high  temperatures  in  cases  when  the 
effective  stresses  are  high.  However,  at  slow  deformation 
(effective  stresses  being  not  too  high),  as  the  tempera¬ 
ture  increases,  the  dlsplaclve  processes  become  smaller  to 
the  degree  the  effective  stresses  become  lower. 
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4.  Tho  heat  realstanco  of  a  solid  solution  may  bo 
raised  by  introducing  into  the  alloy  such  soluble  ad¬ 
mixtures  which,  being  horophlle  and  being  concentrated 

in  the  distortion  regions  of  the  lattice,  at  the  structu¬ 
ral  nonuni formltlos  (primarily  —  in  tho  Intergranular 
transitional  zones),  hinder  the  completion  of  tho 
diffusion  (to  be  more  exact  —  the  self-diffusion)  pro¬ 
cesses  of  which  the  high-temperature  plastic  deformation 
of  the  alloy  is  composed. 

5.  In  the  very  way  the  problem  of  the  nature 

of  heat  resistance  is  generally  formulated  we  can  observe 
the  thorough  diversity  of  structural  nonuniformities  in 
the  alloy:  beginning  with  the  most  sharply  pronounced 
nonuniformitiea  on  the  conjunctions  of  the  crystallites 
(i.o.,  intergranular  transitional  zones);  proceeding 
further  to  the  elements  of  subcrystallite  structure  — 
including  the  Intragranular  finely  dispersed  inclusions 
of  crystalline  particles  of  extraneous  phases,  the  inter- 
lump  zones  of  mosaic,  slippage  traces,  the  boundaries 
of  twin  crystals,  the  "pre-transitlonal"  density  regions 
of  concentration  in  supersaturated  solid  solutions  (at 
their  initial  stages  of  aging),  tho  regions  of  nonuniformity 
in  concentration  in  unsaturatod  solid  solutions,  and, 
finally,  the  surroundings  of  individual  dislocations  of 
tho  lattice  of  various  sizes;  and  continuing  down  to  the 
hole  in  the  lattice,  tho  atom  wedged  in  the  interstice  or 
the  foreign  atom  which  replaces  the  basic  component  atom 
in  the  node  of  the  lattice. 

The  above  presentations  on  the  localization  of  the 
processes  of  plastic  deformation,  on  the  reduction  of 
them  (at  an  Increased  temperature)  to  diffusion  processes, 
and  on  internal  adsorption  and  its  Influence  on  the  self- 
diffusional  mobility  of  atoms  in  regions  adjoining  the 
structural  nonuniformity  are  valid  to  one  degree  or 
another  with  respect  to  the  structural  nonuniformity  of 
each  type.  From  this  position  we  face  tho  construction 
of  the  theory  of  heat  resistance  in  the  moat  general  way. 

6.  Proceeding  to  more  specific  aspects  of  the 
problem  as  applied  to  various  typos  and  groups  of  alloys, 
i.e.,  to  each  "basic"  chemical  composition  of  alloys,  we 
must  examine  a  number  of  detailed  factors,  pertaining  to 
which,  are: 

(a)  the  interatomic  bond  which  determines  the 
diffuslonal  mobility  (in  this  case  we  must  consider  tho 
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dependence  of  the  Interatomic  bond  on  both  the  concentra¬ 
tion  and  composition  of  the  solid  solution;  at  the  site 
of  nucloatlon  and  localized  development  of  the  diffusion 
plasticity  both  concentration  and  composition  may  differ 
from  those  of  the  alloy  as  a  whole); 

(b)  the  optimum  dispersion  degree  of  the  structural 
nonuniformities  at  which  the  Inhibiting  effect  of  these 
nonuniformities  on  the  development  of  the  plastic  deforma¬ 
tion  processes  is  evident  (for  alloys  of  various  types, 
this  dlsperslveness  may  be  attained  at  a  different  stage 

of  heterogeneity); 

(c)  the  degree  of  the  horophlle  activity  of 
various  components  of  the  solid  solution  (in  this  case 

we  must  consider  a  possible  difference  in  this  degree  with 
respect  to  the  structural  nonuniformities  of  various 
scales  and  dlsperslveness,  a  possibility  of  "competition" 
of  various  horophlle  admixtures  present  at  the  same  time 
in  the  solid  solution  as  well  as  the  dependence  of  the 
results  of  this  competition  on  the  absolute  and  relative 
amount  (concentration)  of  the  competing  horophlle  admix¬ 
tures  in  the  solid  solution). 

7.  In  order  to  ease  the  approach  to  the  problem 
of  experimental  Investigation  of  the  questions  set  forth, 
and  to  verify  the  expressed  hypothesis  on  the  nature  of 
heat  resistance.  It  Is  sensible  to  narrow  somewhat  the 
general  problem  in  the  first  phase  of  the  study,  and  in¬ 
vestigate,  first  of  all,  the  localization  phenomena  of 
plastic  deformation.  Its  dlffuslonal  nature,  and  internal 
adsorption  applicable  to  more  sharply  pronounced  structural 
nonuniformities,  such  as  Intergranular  transitional  zones. 

In  addition  to  the  general  Importance  of  such  an 
Investigation  for  the  creation  of  a  general  theory  of 
heat  resistance,  there  can  also  be  a  more  immediate 
problem  --  that  of  finding  methods  for  additional  alloying 
of  heat-resistant  alloys  in  order  to  give  them  increased 
heat  resistance  by  means  of  horophlle  admixtures. 

In  formulating  the  problem  this  way,  we  take  as 
a  base  an  alloy  with  a  chemical  composition  which  already 
provides  a  sufficiently  high  level  of  heat  resistance 
within  the  crystallite;  the  horophlle  admixture  which 
vforka  (by  means  of  adsorption)  in  the  Intergranular  transi¬ 
tional  zones  raises  the  heat  resistance  of  the  alloy  to  a 
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level  exceeding  that  attained  In  this  chemical  composition 
of  the  alloy  (without  the  horophlle  admixture). 

8.  Parallel  to  the  Importance  that  the  investiga¬ 
tion  of  the  Influence  of  Internal  adsorption  on  plastic 
deformation  may  have  for  finding  ways  of  improving  the 
heat  resistance  of  alloys,  this  investigation  may  also 
have  another  value.  It  may  bring  to  light  the  reasons  for 
the  difference  in  the  heat  resistance  of  alloys  of  an 
identical  composition  in  basic  alloying  elements  but  con¬ 
taining  various  small  impurities  unaccountable  for  by 
chemical  analysis,  which  are  capable,  as  previously  stated, 
of  exerting  a  strong  influence  on  the  heat  resistance, 
when  these  unaccountable  impurities  are  horophlle  active. 
Obviously,  the  differences  in  the  heat-resistant  properties 
will  not  be  equally  evident  in  the  various  states  of  these 
alloys  after  these  have  undergone  different  treatments, 
since  the  internal  adsorption  will  in  this  case  be  realized 
to  an  unequal  degree. 

The  presence  of  certain  unaccounted  for  strongly 
horophlle  Impurities  In  the  alloy  may  paralyze  the  effect 
of  the  admixtures  Introduced  on  purpose  In  the  composi¬ 
tion  of  the  alloy,  calculating  on  their  being  horophlle, 
while  they  "cannot  compete"  with  the  more  horophlle  Im¬ 
purities  that  cannot  be  accounted  for. 

From  this  viewpoint  we  are  able  to  plan  ways  of 
exposing  similar  cases  capable  of  creating  the  false 
Impression  of  a  negative  result  In  the  tests  by  using 
certain  alloying  admixtures,  the  useful  effect  of  which 
could  not  be  brought  out  because  of  their  being  overlapped 
by  the  adsorption  Influence  of  other  unaccounted  for 
Impurities,  while,  eliminating  the  latter  from  the  tested 
composition,  a  positive  result  may  be  obtained. 

These  considerations  point  to  the  necessity  of 
detailing  the  chemical  analysis  of  alloys  for  a  greater 
number  of  admixtures  and  also  of  setting  up  analysis  on 
the  horophlle  activity  of  a  number  of  admixtures  which  can 
possibly  be  used  for  one  or  another  category  of  alloys. 

In  addition  to  the  factor  of  horophlle  activity 
which  determines  the  true  and  uneven  distribution  of  the 
concentration  of  the  alloying  elements  In  the  alloy  In 
accordance  with  the  given  nature  of  distribution  of 
structural  nonuniformities  In  It  (the  sizes  and  shape  of 
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the  crystallites,  the  micro-  and  submicroscopic  inclusions 
of  other  phases,  the  nature  of  the  mosaic  substructure, 
the  pre-transitional  heterogeneity,  etc.)»  t-o  evaluate 
the  heat  resistance  of  an  alloy,  v/e  must  define  still 
more  accurately  the  deformation  rate  and  the  magnitude  of 
effective  stresses*. 

Alloys  may  have  a  high  heat  resistance  at  low 
deformation  rates  due  to  a  favorable  distribution  of  con¬ 
centration  Which  paralyzes  the  development  of  localized 
processes  of  dlffuslonal  ductility.  At  the  same  time 
these  alloys  may  show  a  low  heat  resistance  at  a  high  rate 
of  deformation,  since  they  have  no  sufficient  resistance 
to  the  development  of  displaclve  processes  of  plastic 
deformation  which  propagate  into  the  crystallites. 

In  accordance  with  all  examined  aspects  of  the 
phenomenon  of  high-temperature  plastic  deformation  of 
alloys,  there  is  reason  to  assume  that  internal  adsorption 
may  be  of  the  greatest  Importance,  primarily  for  slow- 
moving  deformation  processes  (creep). 

2.  The  Works  of  the  Institute  of  Physics  of  Metals 
of  the  Academy  of  Sciences  USSR  (AN  SSSR) , 

Ural  Branch,  on  the  Study  of  the  Problem 
of  Heat  Resistance 

Some  experimental  investigations  along  the  above 
lines  were  conducted  in  the  laboratories  for  mechanical 
properties  of  materials  and  diffusion  of  the  Institute  of 
Physics  of  Metals  of  the  Academy  of  Sciences,  USSR  (AN 
SSSR),  Ural  Branch.  The  contents  and  results  of  these 
investigations  are  set  forth  in  the  articles  of  this 
collection. 

The  following  are  the  basic  divisions  of  these 
complex  investigations: 

A.  Measurements  of  creep  in  austenitic  alloys 
having  a  ferrum-chromium-nlckel  base  and  small  dissolved 
impurities  of  certain  elements,  and  also  of  aluminum 
alloys  with  small  concentrations  of  alloying  elements; 


*3ee  the  article  by  V.  A.  Pavlov,  E.  S.  Yakovleva,  and 
M.  V.  Yakutovlch  in  this  collection. 
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B.  Measurements  of  relaxation  of  stresses  at 
hlgh-temperature  elongation  of  austenitic  alloys  having  the 
same  compositions  as  those  tested  for  creep*; 

C.  The  investigation  of  the  dlffuslonal  mobility 
of  nickel  in  the  Intergranular  transitional  zones  in  the 
same  austenitic  alloys  bv  means  of  analyzing  the  unevenness 
(of  Intergranular  nature)  of  the  frontal  diffusion  of 
nickel  in  these  alloys,  on  the  unevenness  of  diffusion  (the 
procedure  is  described  in  article  3^) .  Parallel  to  this 
there  were  also  conducted  auxiliary  investigations 
(measurement  of  continued  hardness,  measurement  of  uneven¬ 
ness  in  the  distribution  of  plastic  deformation  in  the 
microstructure  of  poly crystalline  alloys,  determination  of 
intergranular  Internal  adsorption  in  the  same  austenitic 
alloys  using  the  method  of  measuring  the  parameter  of  the 
crystal  lattice  with  the  variation  in  the  dimensions  of  the 
crystallites,  and  others). 

One  general  explanation.  Important  in  principle, 
must  bo  made  with  respect  to  the  materials  selected  for 
the  investigation  in  the  works  on  heat  resistance  conducted 
by  the  Institute  of  Physics  of  Metals  Academy  of  Sciences, 
Ural  Branch  (IFM  UFAN).  Basically,  these  materials  are 
single-phase  solid  solutions:  either  ferrum- chromium- 
nickel  austenite  with  small  dissolved  impurities  or 
aluminum  with  small  dissolved  impurities. 

We  consider  that  an  alloy  attains  its  greatest 
possible  heat  resistance  at  a  certain  (specific  for  each 
alloy)  degree  of  heterogeneity  in  structure:  this  still 
does  not  imply  that  every  heat-resistant  alloy  must  bo 
hoterophase.  A  detailed  study  of  this  question  is  given 
in  other  articles  (4)**.  We  must  then  note  here,  that  the 
phenomena  of  nucleatlon,  development,  5uad  deceleration  of 
the  elementary  acts  of  plastic  deformation  take  place  in 
the  regions  of  the  crystalline  lattice  adjoining  the 
structural  nonuniformities  at  any  degree  of  heterogeneity 
of  the  alloy  (including  also  cases  with  heterophase 
materials).  In  these  regions  there  are  distortions  of  the 


*The  test  methods  are  described  in  the  article  by  V.  S. 
Averkiyev,  G.  I.  Kolesnikov,  A.  I.  Moiseyev,  and 
M.  V,  Yakutovlch  in  this  collection. 

**In  addition,  see  the  article  by  V,  I,  Arkharov  in  this 
collection. 
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lattice  and  nonunlformltloa  In  the  chemical  composition. 

But  these  regions  pertain  to  the  solid  solution,  and  the 
analysis  of  the  phenomena  of  high-temperature  deformation 
in  heat-resistant  alloys  inevitably  leads  to  the  examina¬ 
tion  of  the  elementary  processes  v/hich  take  place  in  the 
regions  of  the  single-phase  solid  solution.  Therefore, 
in  order  to  investigate  high-temperature  deformation,  tests 
must  be  conducted  using  polycrystalline  single-phase  solid 
solutions  where  the  structural  nonuniformities  are  the 
intergranular  conjunctions  ("boundaries").  These  nonunl- 
formitles  are  of  the  same  type  and  are  more  clearly  pro¬ 
nounced;  in  those  alloys,  therefore,  it  is  most  easy  to 
study  high-temperature  deformation  as  well  as  the  Influence 
of  structural  and  chemical  nonuniformities  in  the  crystal 
on  the  deformation.  The  notions  obtained  can  further  be 
extended  to  cover  alloys  with  more  complex  nonunlformitios, 
able  to  provide  an  optimum  heat  resistance.  The  selection 
of  material  in  our  investigations  was  thus  specified  by 
the  problem  of  such  a  "model  study"  of  the  basic  phenomena 
of  high-temperature  deformation,  at  which  the  study  of 
those  phenomena  would  be  most  simple,  though  the  materials 
selected  are,  of  course,  not  heat-resistant.  Molybdenum, 
tungsten,  titanium,  and  niobium,  introduced  into  the 
alloys  either  individually  or  in  combinations,  were  used 
as  admixtures.  The  alloys  were  melted  in  sufficiently 
large  quantities  that  they  could  be  investigated  using 
various  methods  in  accordance  with  those  indicated  in  the 
sections . 


*  •»  * 

The  results  obtained  from  the  various  parts  of 
the  whole,  complex  investigation  are  summarized  at  the 
conclusion  of  each  article  of  this  collection.  From  this 
summary  v^’e  may  draw  the  following  general  conclusions. 

1.  The  Investigations  of  intergranular  diffusion 
of  nickel  in  ferrum-chromlum-nickel  austenitic  alloys 
with  additions  of  certain  elements,  as  well  as  the  in¬ 
vestigations  of  the  variations  in  the  parameter  of  the 
crystal  lattice  of  these  alloys  during  the  variation  of 
the  grain  size,  show  that  such  admixtures  as  molybdenum, 
tungsten,  niobium,  titanium,  aluminum,  and  boron  dissolved 
in  solid  solutions  of  ferrum-chromium-nlckel  are  horophlle 
(positively  active  with  respect  to  intergranular  internal 
adsorption) . 
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2.  Tho  deformation  has  a  tendency  to  localize  In 
Intergranular  transitional  zones  at  creep  with  low  defor¬ 
mation  rates. 

3.  Hlgh-tomporaturo  plastic  deformation  at  creep  and 
relaxation  of  stresses  Is  accomplished  basically  by  the 
mechanism  Of  diffusion  ductility*. 

4.  Intergranular  Internal  adsorption  of  tho  In¬ 
vestigated  horophlle  admixtures  affects  the  diffusion  mo¬ 
bility  of  the  basic  components  (In  any  case  —  of  nickel) 

In  the  Intergranular  transitional  zones. . 

5.  The  observed  Influence  of  the  small  dissolved 
Impurities  on  the  ability  of  the  alloys  to  resist  hlgh- 
temperature  deformation  In  creep  with  small  stresses**  and 
during  the  relaxation  of  stresses***  can  be  explained  on  the 
basis  of  our  hypothesis  that  the  localization  of  deformation 
la  the  determining  factor  of  the  heat  resistance  In  alloys 
and  of  the  Internal  adsorption  of  Impurities  on  the 
Intergranular  boundaries;  these  experimental  data  thus 
confirm  our  hypothesis  (taking  into  account  the  role  of  the 
defonnatlon  rate). 

6.  The  role  of  the  processes  which  develop  In  the 
mass  of  each  crystallite  substantially  increases  at  high 
deformation  rates,  and  the  role  of  the  structural  and 
concentration  nonuniformities  which  localize  In  tho  Inter¬ 
granular  transitional  zones  accordingly  decreases;  these 
experimental  data  determine  the  range  of  conditions  of 
deformation  within  which  the  hypothesis  expressed  Is  of 
consequence, 

7.  There  Is  a  possibility  of  considerably  expanding 
tho  applicability  of  tho  above  hypothesis  —  by  means  of 
extending  the  basic  conceptions  of  both  localization  of 
deformation  and  Internal  adsorption  —  from  the  most  crude 


*See  the  articles  In  this  collection  by  G-.  N.  Kolesnikov 
and  A.  I.  Moiseyev,  as  well  as  those  by  V.  S.  Averkiyev, 
G,  N.  Kolesnikov,  A.  I.  Moiseyev,  and  M.  V.  Yakutovich. 

**Seo  the  article  in  this  collection  by  V.  A.  Pavlov, 

E.  S.  Yakovleva  and  M.  V,  Yakutovlch. 

***Soe  the  article  in  this  collection  by  V,  I,  Arkharov, 
S.  I.  Ivanovskaya,  G.  N.  Kolesnikov,  and  A.  I,  Moiseyev, 


30 


structural  nonunlformltlea  of  the  Intergranular  transitional 
zones  to  the  finer  nonuniformities  of  subcrystallite 
structure;  In  particular,  to  the  mosaic  constitution  of  the 
crystallites  and  to  the  "pre-transltlonal"  formations  of 
the  decomposing  supersaturated  solid  solution.  These 
considerations  map  out  a  program  for  further  studies  on 
the  Improvement  of  the  theory  of  heat  resistance. 

8,  On  the  basis  of  both  the  results  of  the  experi¬ 
mental  studies  cited  In  the  articles  of  this  collection 
and  the  general  theoretical  considerations  cited  here  and 
in  the  last  article  of  the  collection  —  and  considering 
also  the  results  of  the  studies  made  by  other  scientific 
teams  working  on  the  development  of  other  aspects  of  the 
general  theory  of  heat  resistance  —  It  seems  that  we  are 
In  a  position  at  this  phase  of  our  work  to  point  out  in 
a  very  general  way  the  conditions  which  determine  the  heat 
resistance  of  an  alloy.  These  are  as  follows: 

(a)  an  optimum  degree  of  structural  nonuniformity 
created  in  the  alloy  of  a  given  composition  by  means  of 
both  heat  treatments  and  mechanical  treatments; 

(b)  an  optimum  unevenness  in  the  distribution  of 
concentration  of  components  at  these  structural  nonunl- 
formlties  created  (on  the  basis  of  utilizing  the  phenomena 
of  internal  adsorption  broadly  recognized  as  the  result  of 
compensation  of  energy  nonuniformities  of  any  type  and  size 
by  means  of  uneven  concentrations); 

(c)  a  conformity  of  thus  created  structural  and 
chemical  imevenness  to  the  conditions  of  distribution  of 
acting  stresses  over  the  volume  of  the  alloy  (to  the 
nature  of  the  mechanical  service  conditions  of  the  material); 

(d)  sufficient  time  stability  of  the  structural 
and  chemical  unevenness  thus  created  in  the  alloy. 

The  most  primary  condition  is  the  selection  of 
components  of  the  alloys  both  qualitatively  and  quantita¬ 
tively  so  as  to  ensure  a  sufficiently  strong  interatomic 
bond  in  the  localization  region  of  the  deformation  processes, 
as  well  as  in  the  other  parts  of  the  alloy,  in  accordance 
with  the  level  of  the  acting  stresses, 
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The  Investigation  of  Irregularities  In  Frontal 
Diffusion  of  Nickel  In  Polycrystalllne  Ferrum- 
Chromlum-Nlckel  ^Uloys 


By  V.  I,  Arkharov,  S.  I.  Ivanovskaya, 
I,  P.  Pollkarpova,  and  N.  P.  Chuprakova 


The  basic  scientific  Idea  from  which  we  proceeded 
In  setting  up  this  Investigation  Is  rooted  In  the  fact  that 
the  processes  of  plastic  deformation  In  a  polycrystalllne 
material  at  high  temperatures  develop  primarily  In  the 
boundary  zones  of  the  crystallites  (In  the  zones  adjoining 
the  Intergranular  boundaries).  Those  processes  are  com¬ 
posed  of  elementary  processes  similar  In  scale  to  the 
elementary  diffusion  acts  In  a  crystal  lattice. 

In  this  connection,  there  occurs  a  notion  that  heat 
resistance  Is  related  to  the  dlffuslonal  mobility  of  atoms 
In  the  boundary  zones  where  the  solid  solution  has  an 
Increased  alloying  ability  due  to  Internal  adsorption  (1)*. 
Hence  arises  the  necessity  of  Investigating  the  diffusion 
processes  In  alloys;  particularly,  the  nature  of  diffusion 
of  the  alloying  elements.  For  the  object  of  study  of 
ferrum-chromlum-nlckel  alloys  we  selected  chromium,  nickel, 
cobalt,  and  manganese  as  the  alloying  elements. 

In  view  of  the  fact  that  a  direct  study  of  the 
diffusion  processes  In  very  thin  boundary  layers  (of  the 
order  of  100-1000  A)  Is  extremely  difficult,  we  have 
attempted  to  study  the  processes  of  diffusion  by  a  method 
that  Investigates  the  frontal  diffusion,  l.e.,  the  diffusion 
moving  with  Its  leading  edge  through  a  great  niMber  of 
crystallites  and  intergranular  zones. 

The  investigation  of  the  metallographlc  pattern 
of  a  number  of  elements  (such  as  nickel,  chromium,  cobalt, 
manganese,  etc.)  diffused  in  austonltlc  ferrum-chromlum- 
nickel  alloys  has  shown  that  it  Is  possible  to  develop 


♦See  also  the  article  by  V.  I.  Arkharov  and  M.  V. 
Yakutovlch  In  this  collection. 
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metallographlcally  only  the  diffusion  of  nlciel  and  cobalt, 
since  only  in  these  cases  did  we  observe  formations  of 
narrow  edges  along  the  grain  boundaries  of  the  austenite, 
apparently  of  the  solid  solution  enriched  by  the  diffusible 
element  (2,  3,  4). 

In  the  diffusion  of  chromium  and  manganese,  an  oven 
diffusion  front  was  observed. 

The  fact  that  chromium  and  manganese  diffuse  at 
the  same  rate  through  both  the  mass  of  the  grain  and  the 
boundary  regions,  while  nickel  and  cobalt  diffuse  pre¬ 
dominantly  along  the  grain  boundaries,  points  to  the  un¬ 
equal  activity  of  different  elements  (at  their  diffusion) 
with  respect  to  the  grain  boundaries  of  austenite. 

Since  nickel  has  produced  a  more  distinct  metallo- 
graphic  pattern  of  preferential  diffusion  along  the 
intergranular  boundaries  forming  clearly  pronounced 
projected  points  (edges)  of  the  diffusion  front,  our  fur¬ 
ther  attention  was  concentrated  on  the  study  of  the  frontal 
diffusion  of  nickel  in  various  austenitic  alloys. 

It  was  of  primary  importance  to  clear  up  the 
question  of  how  the  admixture  or  elements  which  may  be 
regarded  surface- active*  affects  the  dlffuelonal  mobility 
of  the  atoms  of  nickel. 

A  considerable  part  of  the  study  Is  therefore  de¬ 
voted  to  the  problem  of  the  influence  of  additions  of 
molybdenum,  titanium,  niobium,  aluminum,  tungsten,  and 
boron  on  the  diffuslonal  mobility  of  nickel  along  the 
grain  boundaries. 

I.  The  Metallographlc  ^inalysis  of  the  Diffusion 
of  Nickel  in  Fernim-Chromlum-Nickel  Alloys 

1.  The  Composition  of  the  Tested  Alloys 


*By  analogy  with  the  phenomenon  of  the  chsinge  in  the  rate 
of  diffusion  of  silver  along  the  grain  boundaries  in 
copper  alloys  under  the  Influence  of  small  admixtures  of 
beryllium  (5)»  as  well  as  with  the  deceleration  in  the 
diffusion  of  nickel  in  alloys  of  iron  with  a  small  ad¬ 
mixture  of  molybdenum  or  boron  as  compared  to  the 
diffusion  of  nickel  in  iron  (4). 
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The  Investigation  was  conducted  on  fenrum-chromium- 
nickel  monophase  austenitic  alloys  containing  20  or  40 
percent  Or  and  10  to  40  percent  N1  with  some  of  the  follow¬ 
ing  admixtures;  0,24  -  5,0  percent  Mo;  0,01  -  1,9  percent 
Ti;  0.25  -  2.0  percent  Nb;  0.13  -  1.0  percent  Al;  0.20  - 
4,0  percent  W;  0.01  -  0.05  percent  B. 

In  addition,  tests  were  run  on  ferrum-chromlum- 
nlckel  austenitic  alloys  with  20  percent  Or  and  20  percent 
N1  containing  admixtures  of  two  elements; 

(1)  niobium  (0,5  percent)  and  titanium  (0.1  -  0.6 
percent) ; 

(2)  niobium  (0.4  -  0.5  percent)  and  molybdenum 
(0.2  -  1.43  percent); 

(3)  aluminum  (0.-5  percent)  and  titanium  (0.2  and 
0,8  percent);  and 

(4)  aluminum  (0.05  and  0.5  percent)  and  niobium 
(0,3  and  1,0  percent). 

The  content  of  base  elements  in  the  investigated 
alloys  la  given  in  Table  1. 

These  alloys  v/ere  melted  primarily  in  the  Labora¬ 
tory  of  Precision  Alloys  of  the  Institute  of  Physics  of 
Metals  of  the  Academy  of  Sciences  USSR,  Ural  Branch;  some 
of  them  were  melted  in  the  Central  Scientific  Research 
Institute  for  Ferrous  Metals. 

2.  The  Technique  of  Investigation  and  Testing 

Conditions 

The  specimens  of  the  investigated  alloys,  10  mm 
thick,  were  cut  from  forged  rods  which,  as  a  rule,  were 
subjected  to  a  preliminary  treatment:  heating  to  1250°, 
holding  for  1  hour,  and  quenching  in  water.  At  one  end 
of  the  specimen,  two  to  four  hollows  (2.2  -  2,5  nun  in 
diameter  and  9  mm  deep)  were  drilled.  The  hollows  were 
etched  for  about  10  to  15  minutes  with  aqua  regia  in  order 
to  remove  the  surface  layer  which  had  been  deformed  during 
the  mechanical  treatment;  they  were  then  washed  with 
water,  then  with  alcohol,  and  were  thoroughly  dried  in  a 
blast  of  air;  they  were  then  filled  with  the  powder  of 
the  metal  designed  for  diffusion  in  this  test. 

Nickel  was  employed  in  the  form  of  file  dust  ob¬ 
tained  by  means  of  a  thin  barette  file  from  an  electrode 
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nickel  plate.  Electrolytic  types  of  chromium  and  manganese 
were  used,  and  the  cobalt  was  made  by  reduction  from 
hydroxide  at  the  plant.  These  elements  were  ground  to  a 
fine  powder  in  an  agate  mortar.  The  holes  of  the  hollows 
were  clogged  up  with  iron  plugs.  The  specimens  were  then 
subjected  to  heating  in  the  following  variants;  750°  and 
holding  for  50  -  100  hours;  850°  and  holding  for  16  hours; 
950°  and  holding  for  8  hours;  1100°  and  holding  for  2  hours; 
and  1250°  and  holding  for  1  hour.  This  was  followed  by 
quenching  in  water.  The  polished  section  was  made  on  the 
cross-sectional  plane  of  the  specimen  through  the  hollows 
filled  with  nickel  on  the  side  opposite  the  plugs.  The 
results  of  the  microscopic  investigations  are  given  in 
Figures  1-8. 

In  most  of  the  cases,  the  mlcrosectlons  were  etched 
with  a  reagent  consisting  of  a  mixture:  four  g  CuS04, 

20  cm3  HCl,  and  20  cm3  H2O  (Figures  1  -  4,h);  in  some 
cases,  the  reagents  used  were  either  a  solution  of  picric 
and  hydrochloric  acids  in  alcohol  (Figure  4,1)  or  aqua 
regia  [1  :  3]  (Figure  5»c). 
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Table  1 

The  Content  of  the  Basic  Elements  In  the 
Investigated  Alloys 


Conventional 

I 

I 

brand  of 

o 

o 

• 

P 

e 

alloy* 

vQ 

0 

O 

tt 

M 

a 

2 

K 

§ 

-p 

o 

-H 

0 

3 

: 

i 

_ 

o 

i-i 

o 

X 

Alloys  without  admixtures 


j  Gr^ONill 

0,05 

20,35  10,60*  — 

!Crl9Nill 

0.09 

18.70  lO.SOj  — 

MM 

Cr20Nii0 

0.09 

19,5(M  10,10  — 

■  ^ 

t 

CrPINiaO 

0,06 

21,10  20,30  — 

MM. 

• 

MM* 

Gr20Ni20 

0,025 

19,95  20,00  — 

. 

MM  MM 

Cr20Ni21 

0.084 

19,731  20,70  — 

Cr20Sfi35 

0.023 

20,24  34,92  - 

MM 

_  _ 

Cr20Nl40 

0.05 

20,04  39,85  — 

_ 

•  _ 

Grl8isri39 

0,06 

17,70  39,40  — 

_ _ 

_ 

M.  MO 

Cr38iri37 

0,10 

38,50  37,20  — 

_ 

—  — 

Cr20Hl80 

19,52  79,86  — 

— 

Alloys  with  an  admixture  of  molybdenum 


12  Crl9N120Mo0.2 

13  Cr20N120Mo0.7 

14  Cr20M20Moi.2 

15  Cr21N110Mol 
15  !Crl6N110Mol 

17  |Crl8NilOMo2 

18  [Gr20Nil0Mo3 

19  Crl8K120Mo3 

20  Cr20NlllMo4 

21  Cr20Nil6Mo4 

22  Cr20iril0Mo5 

23  Crl9N120Mo0,2 


0,048  19,22  20 
0.03!  20,10  20 
0.01  20,48j  20 

0,05  20.90  10 
0,02  16,10  10 
0,04  !7,5(M  10 

0.11  20,30  9 

0.04  18.20  19 
0,08  19,61  10 
0,07  20  ^0  16 

0.23  19,59  10 
0,048  19,22  20 


i,22|  20,10j  0,24  ~  _ 

'.Iffl  20,2fM  0.65  -  —  — 

20,3d  1,20 


!7,5d  10,00  2,10  —  _  _ 

20,30  9,80  2,59  —  —  — 

18,20  19,70  2,97  ~  — 

19,61  10,80  4.07  —  ~  — 

20  10  16,40  4,20  —  —  — 

19,50  10,30  5,49  —  —  — 


,*i  1  —  ~  —  __  — 

,30  5,49  I  —  — 

.01  0,24  j  -  ~  ~  - 


*Cr  -i-  Chromium;  Hi  —  nickel;  Mo  —  molybdenum;  T1  — 
titanium;  if  —  tungsten;  Hb  —  niobium;  A1  —  aluminum; 
IjB  —  boron. 
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Tungsten 


r 


Table  1  ^continued) 


1 


i 

rH 

1 

§ 

z 

e 

M 

o 

§ 

la 

O 

■o 

ja 

9 

4rf 

jQ 

o 

o 

9B, 

H 

Q 
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rH 

H 

OS 

O 


o 


Conventional 
brand  of 
alloy 


fS 

o 

-p 

at 

bO 

§ 

E-» 


S 

O 

O 

cq 


24 

Cr20Ni20Mo0.6 

0,031 

20.10 

20,20 

0,65 

— 

25 

Cr20N120Mol.2 

0,01 

20.48 

20,30 

1,20 

— 

26 

Cr20Ni20Mo4,7 

0,064 

19,47 

19,98 

4.85 

— 

27 

Crl8Ni20Mo5 

0,05 

18.41 

19,97 

5,00 

~ 

28 

Cr20N136Mol 

0,028 

20,27 

36.00 

1,30 

— 

29 

Crl7N140Mo3 

0,08 

17,20 

40,40 

2,84 

... 

— 

3d 

Cr20N139Mo3 

0,05 

20.35 

38,80 

2.58 

— 

Cr38iri39Mo2 

0.11 

37.50 

38,80 

1.85 

— 

32 

Crl9Ni37Mo3 

0,043 

18,60 

37,20 

0.25 

— 

— 

— 

Alloys  with  an  admixture  of  titanium 

I  I  I  I  I  I  I 


W 

3  Cr20Hi20Ti0.01 

0,026 

M  Cr20Nil8Ti0.1 

0,024 

5  Cr20Ni20Ti0.4 

0,05 

1 

0,058 

0,05 

a  Crl9Ni36Ti0.2 

0,063 

9  Cr20Ki36Ti0.5 

0,068 

0  Cr21Ni40Ti0.1 

0,06 

:  Cr21Hi40Ti0.3 

0,05 

i  Cr21Hi40Ti0.6 

0,06 

{9.5W  19,88 


20,25 

20.15 


18.45 

20.38| 


aI 

45j 

46 


48 

|J^9 


Alloys 

Cr20!ril9Nb0. 3 
Cr20N121irb0.5 
Crl9N120Nh0.5 
Crl9N120Nbl.0 


4(1  Crl9N120Nb2 


Cr20N136Nb0.2 
Cr20H136Nb0. 5 


20.0(K  20.14 
20,95  20,45 
18,50  36,43 
20,00  35,76 
21,24  40,11 
20,56  40.24 
21,04  39.98 

with  an  admixture 

0.029|  19.59|  lB,n  — 
0.025  19,93  20,82  — 
0,031  18.90  19.61  — 
0,05  19,10  19,98  — 
0.08  19,45  20.20  — 
0,038  19,87  35,00  — 
0,065  19,55  35.68  ~ 


0,01 
0,09 
0,37 
0.42 
1,47 
0,24 
0,50 
0,06 
0.3 
0,57 

Of  niobium 

0,25 
0,50 
0,47 
1,10 
2,02 
0,20 
0,51 


U 
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Table  1  (continued) 
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j 
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•H 

i 
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j 

I 
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1  1 

a 

e 
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os 

Conventional 

o 

p 

•H 

s 

M 

4> 

•o 

!  ^ 

% 

■p 

5 

-P 

CO 

1  ^ 
o 

Vi 

o 

j  brand  of 

u, 

a 

o 

u 

o 

•H 

P 

O 

to 

0 

1  ^ 

1  o 

»  ^ 

O  i 

1  all oy 

[ 

O 

isi 

rH 

O 

5S 

p 

P 

K 

d 

i 

1 _ J 

j  PQ 
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Alloys  with  an  admixture  of  aluminum 


50  |Cr20N120/U.0.1 

0.035 

20,201  19,85 

_ 

■  - 

0,13 

' 

51  Grl9N120AlC.5 

0,036 

19,45  19,70 

— 

— 

— 

0,47 

— 

52|Gr20Nfi20All 

0,033 

20.48  20,00 

1,00 

Alloys 

53iCrl9K120W0.2 
54 |Grl9Ni2CW1.26 
55|Cri9Ni20W2.8 

56  i  CrlSKlllVfi 

57  Crl8NillW2 

58  Grl9N110V4 

59  =  Cr20N121Wl 
! 


With  an  admixture 

i  !  i  I 


0,041 

19,48 

20,20 

0,04! 

19,02 

19,96! 

0.05 

18,94 

19,96 

0,11 

17,50 

10,. 50 

0.09 

18,20 

10,50 

0.06 

18,80 

10,40 

0,07 

19.9? 

21,10 

I 


tungsten 


0,20 

1,26 

5' 

_ 

— 

2,80 

0,80 

— 

1,80 

— 

3,80 

0,98 

Alloys  with  an  admixture  of  boron 


60 jCr21Ni20B0. 05 

1  1 

0.05  20.y>,  20.45 

-  - 

6l!Gr20N125B0.05 

0,045  20.35 

25.26 

— 

— 

— 

62' Or 20Ni4030. 05 

0.05  1  20.45 

40,11!  - 

— 

— 

— 

6’;iGr20Ni40B0.01 

0.05  j  20.35 

40.1lj  - 

— 

64jCr20N140B0.01 

1 

1 

0.055!  20,» 

i 

39.85!  - 

1 

1 

0,04i> 

0,047 

0,047 

0,01 

0,01 


-J 
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Conventional 
brand  of 
alloy 


r-i 

a> 

M 


o 


1 


O 


1 


d 

I 


Alloys  with  admixtures  of  molybdenum  and  niobium 


65 

66 
67 


Cr20N121Nb0.4Ko0.2 
Cr  20Ni20irb0 . 5MoO .  7 
Cr20Ni21Nb0.4Mol.4 


0,037 

0,030 


10.97  20,56 
19,75  20,24 


0.02»  20,29^  21,04 


0,17 

0.70 

1,43 


0,40 

0.51 

0,40 


68 

69 

70 


Alloys  with  admixtures  of  titanium  and 


Crl9N120Nb0.5T10.1 

Cr201I121Nb0.5T10.2 

Crl9N12im)0.5T10.6 


0.045| 

0,021 


I9,2n  19,96  — 


10.6^ 


0,02«  IBM  20.91 


20,62^ 


0,11 

0,23 

0,60 


niobium 


0,48 

0,50 

0,49 


71 

72 


Alloys  with  admixtures  of  titcuiium  and  aluminum 

Cr21N120A10.5T10,2 
Cr211fi20A10.5T10,8 


0,018 

21,0 

20,3 

0,24 

0,55 

0,018 

21,0 

20,3 

— 

0,76 

— 

0,55 

, 

— 

Alloys  with  admixtxires  of  niobium  and  aluminum 


73 

Cr2ON119A10.5NbO,3 

0,037 

20,2 

18,89 

mam 

0,29 

0,52 

74 

Cr 20Ki20 AlO . 6Nbl . 0 

0,037 

20,0 

19,7 

mam 

•mm 

0,98 

0,63 

— 

The  ring-shaped  diffusion  zones  obtained  around  the 
holes  filled  with  nickel  were  examined  microscopically; 
that  is  the  shape  of  the  diffusion  front  was  examined  and 
the  thickness  of  the  diffusion  zones  was  measured  by  means 
of  a  preliminary  calibrated  ocular  ruler.  An  examination 
was  then  made  of  the  microstructure  of  these  zones. 


In  addition,  the  microhardnesa  of  the  diffusion  zone 
,a  measured  on  some  specimens  by  the  PMT-3  Instrument.  _ 1 


Figure  1.  Diffusion  temperature 
850°,  holding  time  16  hours 
(130),  (a)  Alloy  type 

Cr20N120T10.01;  (b)  alloy  type 
Cr20Ni20Mo0. 2;  (c)  alloy  type 
Cr20I'fi20KoI ,  2;  (d)  alloy  type 
Cr2CN120Nb0.5;  (e)  Gr20Ni35 


3.  her.vlta  of 

T^.  \  ■f"  I  “<  q  i  o  l  ■  '  ’ 

w.  ^  tj  -«•  <4  ^  *  V- 


•J  v.i.  i  vi  t  .J. 


Of  1,1<:::^>  ^--  y:i.il 


^o->::'.  v-e  .--r-a':^  oi  a?.riu  £y  ■-.":  .u:  ,  vj.-^' 
micros  Lruc^u/  e  oiT  v  •:!  li  i'urici-  zo:y:  of  ' 

— jnarkedly  on  the  e:2':u';lon  teaearnturv .  T'l-  !uc;::t  dl:.tinct  _ 

pattern  vas  oo.jerved,  at  the  dliTaaicn  I  e:"  pa  rat  are  ilOO^ 

for  a  period  of  f  hours.  In  t-.i.s  case,  the  dlf  fas  lor;  zone 
of  nickel  oonol-ts  of  •-:.  ’’compact''  laper  acjacent  t.c  the 
edge  of  tiie  hole  flllnul  v;ith  aloto-l  ajid  of  a  continue t Ion 
of  the  compact  portion  c-'  the  zone,  v-rhich  inciudeo  t;-.:; 
projectlnri  point g  aioritt  the  ta'-P-ln  boundenlon,  comet imes  en- 
velopi]3g  the  ^ralti  in  tea  form  of  a  "shell  '  (toe,  for 
example,  r’lture  4b). 

At  a  c  if  fusion  tetnorature  of"  for  16  hours,  and 

more  rarely  of  500'-’  for  eitht  hour?^,  there  originate 5;  in  the 
base  metal  of  the  opeehier.  at  the  borler  of  the  cectica  near 
the  nickel  clog  a  lavor  vith  a  striped  appeararice  (Figures 
1  and  3a)  >  some'.vhat  different  from  the  appearance  of  the 
ralcroetructure  of  the  layei^  that  forms  at  a  temperature  of 
1100°  (Fisurs  4a-e). 


Figure  2.  .Alloy  type 
CrhOi'hiPOh'ol .  4 ,  Dif  rusloii 
temperature  750^^,  holding 
time  90  hours  {X130) 
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The  characteristic  pattern  of  the  mlcrostructure  1 
of  the  diffusion  zone  obtained  at  S50®  is  that  the  con¬ 
tinuation  of  the  "compact”  layer  la  composed  of  very  fine, 
Ion?  veins  along  the  grain  boundaries  (Figure  la-e) 
are  quite  different  from  the  projections  of  the  diffusion 
front  formed  at  1100®  (Figure  4b)  and,  all  the  more,  at  — 
1250®  (Figure  5b). 

At  a  temperature  of  850®,  very  thin  projections 
form  in  all  examined  austenitic  alloys  either  with  or 
without  specially  introduced  admixtures.  Thus,  for  in- 
s canoe.  Figure  1  gives  a  mlcrostructure  of  the  diffusional 
zone  in  an  alloy  with  tltaniiiia;  Figure  Ibc  in  adloys  with 
inoiyodemim;  Figure  Id  in  alloys  with  niobium. 

The  sharp  difference  between  the  pattern  of  the 
dlffualonal  front  obtained  at  750®  (Figure  2)  and  850® 
(Figure  1)  as  compared  to  the  one  obtained  at  1100®  and 
1250®  Indicates  that  at  lower  temperatures  the  diffusion 
rate  of  nickel  along  the  boundaries  is  very  much  increased, 
while  the  "lateral”  diffusion  (froa  the  boundary  zone  in 
the  cross-sectional  direction  deep  down  the  grain)  la  rather 
insignificant. 

Consequently,  at  temperatures  of  750®  to  850®  the 
diffusion  of  nickel  takes  place  apparently  in  a  very  narrow 
boundary  zone,  and  the  penetration  depth  of  the  projections 
of  the  diffusional  front  revealed  by  etching  along  the 
boundaries  is  greater  than  the  depth  revealed  after  heat¬ 
ing  at  much  higher  temperatures. 

Provisional  measurements  were  made  by  us  at  a  154X 
magnification  of  the  very  thin  and  long  projections  formed 
at  the  diffusion  temperature  of  750  -  850®  along  the 
bOLUidaries.  The  actual  diffusion  of  nickel  along  the 
grain  boundaries  extends  much  further  —  in  the  form  of  a 
fine  net,  distinct  at  great  magnifications. 

As  a  result  of  the  diffusing  of  nickel  at  a  tempera¬ 
ture  of  950®  for  eight  hours  (Figure  3),  the  mlcrostructure 
of  the  diffusional  zone  differs  somewhat  from  that  ob¬ 
served  at  850  and  1100®, 

The  characteristic  feature  of  the  diffusion  zone 
obtained  at  950®  la  an  uneven  border  of  the  "compact” 
layer;  that  is,  this  layer  forms  short  and  wide  projections 
|in  the  regions  within  the  grain  which  are  removed  from  ti^ 
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boar/iariea,  and  at  the  same  time  forap  projections  along  1 
’.'Oi;nd?j-lee  (Figure  3a-G).  Such  dlffuslonal  project- 
1-;..-  are  sometimes  also  observed  along  the  boundaries  of 
ti  e  tv'in  crystals  (Figures  2  and  3d). 

At  temperatures  ranging  from  750  to  950°  the  diffu¬ 
sion  of  nickel  thus  takes  place  not  only  along  the  bound¬ 
aries  of  the  crystallites,  where  the  distortions  In  the 
crystal  lattice  are  great,  but  also  along  the  twin  crystal 
oc'Qndaries  where  there  are  considerably  fewer  distortions 
or  t’-  e  crystal  lattice  than  at  the  boundaries  of  the 
randomly  oriented  crystallites. 


Figure  3.  Diffusion  temperatures  950°;  holding  time  8 
hours  (X130).  (a)  alloy  type  Gr20N121Nb0.5;  (b)  alloy 

type  Gr20Ki35Mo0.3;  (c)  alloy  type  Cr20Ni2®0.05; 
id)  alloy  type  Cr21Nl40T10.3  >J 


« 
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^  At  a  1100°  diffusion  temperature  the  "compact  I 

layer"  appears  more  bright  and  uniform. 

At  a  1250°  temperature  all  examined  austenitic 
alloys,  either  with  or  without  admixtures,  have  a  dlffu- 
alonal  front  without  a  distinctly  pronounced  boundary. 

This  makes  It  possible  to  draw  the  conclusion  that  at 
1250°  the  rates  of  diffusion  of  nickel  along  the  grain 
boundaries  and  through  the  grains  become  evened  out,  and 
wa  observe  a  dlffuslonal  zone  with  either  an  even  front 
(Figure  5a)  or  with  a  front  in  which  rare,  individual, 
wide,  and  washed-out  projections  may  be  detected  (Figure 
5b). 

The  best  etchant  for  exposing  the  diffusion  layer 
turned  out  a  reagent  consisting  of  a  mixture  of  four  ci33 
CUSO4,  20  cm3  of  HOI,  and  20  cm3  HgO.  This  reagent  etches 
distinctly  the  diffusion  layer,  producing  a  dark  consti¬ 
tuent  on  a  light  background  (see,  for  instance,  Figure 

, 

Obviously,  the  light  background  corresponds  to  the 
solid  solution  with  a  high  concentration  of  nickel  as  con¬ 
firmed  by  the  roentgenographlc  investigations  described 
below. 
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FiKare  ?.  Ciffiislonal  tai’perature  1250°; 

holdiiiir  tl'oe  3  hour*  (.C130)i 
(a.)  Alloy  type  CrlTl'-Ji AOMo3;  (t)  alloy  tyoe 
IrlS a:  1101*02;  (g)  alloy  type  Cr?01U20Mo5; 
(cl)  alloy  type  Cr20Kil6Mo4 


The  dark  component  in  the  "ccmpact  portion”  of  the 
li^ht  layer  hay  an  uneven  rondorc  arrmierient ;  v:e  thore- 
fcre  conventionally  call  tills  I'ortion  of  the  fusional 
zone  the  "compact  layer”, 

Aloui-T  tlie  projeoticn  axis  of  the  dlffuslonal  front., 
over  the  yraln  boundaries,  we  see  dark  "veins”,  wlilch,  as 
a  rule,  correspond  either  to  the  boundary  contours  of  the 
austenitic  .trains  (Figures  4cdy  and  8)  or  to  the  polvljeclron 
boundaries  of  the  solid  solution  in  the  compact  layer 
( Fi yur e  4d ) , 

After  the  microaectlon  is  repolished  and  repeated 
by  etched,  the  "darli  veins"  alonr;  the  boundaries,  as  well 
as  the  dark  "Inclusions"  in  the  compact  layer  (Figure  4g), 
a.i'e  eaten  awa.y  and  produce  the  impression  of  looseness 
(poree) . 
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4.  The  Results  of  Determining  the  | 

Mlcrohardneas  of  the  Diffusion 
Layer 

The  specimens  of  two  alloys  were  taken  In  order  to 
determine  the  mlcrohardneas  of  the  diffusion  layer.  A 
Crl9Nlll  specimen  (Table  1,  alloy  2)  was  examined  after  a 
diffusion  at  1100°  and  a  prolonged  holding  for  12  hours. 

The  specimens  of  the  Cr20N136Mol  alloy  (Table  1, 
alloy  28)  were  examined  after  heatings  at  850,  950,  1100, 
and  1250°  temperatures  and  16,  eight,  two  and  one  hour 
holding  times,  respectively,  and  quenching  in  water. 

The  mlcrohardneas  of  the  diffusion  zone  was  measur¬ 
ed  on  the  PMT-3  instrument  at  a  P  =  50-g  load  and  at  a 
485  magnification. 

The  mlcrohardneas  measurement  results,  each  of 
which  were  obtained  as  an  arithmetical  mean  of  many  mea¬ 
surements,  are  given  In  Table  2. 


Table  2 

The  microhardnesa  of  the  specimens  after  nickel 
had  been  diffused  Into  them 


Mlcrohardneas  values 

The  region  measured 

Crl9Nlll 

alloy 

after 

Cr20N136Mol  alloy 
after  heating 
at  °C  temperatures 

eating  at  >  i  • 
1100°  850  950  1100 


Austenite  grain  (specimen 
metal ) 

Dlffuslonal  zone: 

Compact  layer  of 
diffusion  zone 
Projections  along  the 
boundary 

Electrolytic  nickel 
(before  grinding) 


j  A3  we  can  see  from  Table  2,  the  microhardness  of  | 

I  both  the  compact  layer  and  the  projections  along  the 
boundaries  of  the  cryatallites  In  the  diffualonal  zone  is 
intermediate  between  that  of  the  specimen  metal  and  that 
of  metallic  nickel.  At  the  diffusion  of  nickel  in  an 
.  austenitic  chromliun-nlckel  alloy  (at  temperatures  ranging _ 
from  850  to  1100®),  the  concentration  of  nickel  in  the 
solid  solution  of  the  dlffuaional  zone  Increases.  As  a 
result,  the  ailcrohardness  becomes  reduced  as  compared  to 
the  initial  solid  solution.  At  a  dlffusional  tempera¬ 
ture  of  1250®,  the  mlcrohai^neas  of  the  dlffusional  zone 
approaches  the  magnitude  of  that  specific  for  the  Initial 
metal.  Obviously,  at  1250®,  the  diffusion  of  nickel  pro¬ 
ceeds  more  intensively  over  the  entire  front,  creating  a 
smool her  concentration  gradient  of  nickel  in  the  solid 
solution  as  compared  to  the  diffusion  at  temperatures 
ranging  from  350  to  1100®.  The  microhardness  at  the  pro¬ 
jection  regions  along  the  grain  boundaries  makes  It 
possible  to  assume  that  the  projections  represent  the  so¬ 
lid  solution  of  a  considerably  Increased  concentration  of 
nickel,  as  opposed  to  Its  concentration  in  the  austenite 
cf  the  Initial  metal. 

It  should  be  noted  that  the  measurement  of  the 
microhardneas  of  the  projections  of  the  dlffuaional  front 
offered  certain  difficulties,  on  account  of  Its  rather 
narrow  area  of  the  measurement  regions.  This  explains 
the  fact  that  two  microhardneas  va3.ues  for  the  projections 
(60  i  67)  arid  two  for  the  diffusion  zone  (72  i  76)  are 
given  In  Table  2;  these  values  are  arithmetics^,  mesuis  of 
8  and  15  measurements,  respectively. 

5.  Examination  Results  of  the  Diffusion  Zone 
Obtained  by  M^ignetlc  Metallography  Method 

In  order  to  make  a  more  detailed  examination  of  the 
dlffusional  zone  formed  at  the  diffusion  of  nickel  into 
ferrum-chromium-nlckel  austenitic  alloys,  we  employed  the 
method  of  magnetic  metallography  (N.  I.  Yeremin,  Central 
Scientific  Research  Institute  of  Heavy  Machinery, 
TsNIITKash,  Moscow). 

This  method  Is  carried  out  by  means  of  applying  a 
maf:.netlc  emulsion  to  the  polished  section. 

We  took  a  specimen  of  the  Crl9Nlll  alloy  (Table  1, 

,  alloy  2)  with  the  intergranular  diffusion  of  nickel 
L  _J 
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distinctly  pronounced  on  the  r-lcrostructure  of  the  I 

polished  section  (Figure  oa).  Figures  6  and  7  ahow  the 
polished  section  before  and  after  the  application  of  the 
ferromagnetic  emulsion.  As  we  can  see,  the  magnetic 
emulsion  precipitates  on  the  dlffuslonal  zone  (on  both 
^  the  compact  layer  and  the  projections)  with  the  se/ne  dr--  — 
gree  of  Intensity,  Figures  6b  and  7  show  that  the  inter¬ 
granular  projections  of  the  diffusion  front  are  ferro¬ 
magnetic. 


Figure  6.  Area  of  polished  Section  I,  alloy  Crl91'Iill, 
before  the  application  of  the  magnetic  emulsion 
(a),  ajid  after  (b)  (Xl38), 


This  confirms  our  conclusion,  based  on  the  results 
of  aietallograpblc  examinations,  that  the  intergranular 
projections  of  the  diffusional  front  represent  zones  of 
increased  concentration  of  nickel  which  had  become  ferro¬ 
magnetic  as  a  resiilt  of  It,  as  distinct  from  the  non¬ 
magnetic  austenite  of  the  alloy. 
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6,  Evaluation  Method  for  the  Diffualonal  1 

Mobility  of  Nickel  Along  the  Grain 
Boundaries 

It  has  been  established  by  the  examination  of  the 
mlcroetructure  that  the  diffusion  zone  of  nickel  consists  — 
of  two  parts;  a  compact  layer  adjacent  to  the  nickel  and 
the  extension  of  this  layer  which  consists  of  branched, 
mere  or  less  narrow,  and  long  projections  along  the 
boundaries  of  the  crystallites  of  the  saturable  basic 


The  testa  have  showii  that  the  thickness  of  the 
diffuslonal  layer  and  the  degree  to  which  the  “intergranu¬ 
lar  effect"  Is  pronounced  depend  on  the  composition  of  the 
alloy  as  well  as  on  the  presence  of  vai'loue  admixtures  in 
it.  These  observations  were  helpful  in  finding  more  con¬ 
crete  qualitative  characteristics  of  the  diffusion  of 
nickel.  In  order  to  make  a  comparative  evaluation  o:''  the 
diffualonal  mobility  of  nickel  atoms  in  alloys  with  differ¬ 
ent  base  elements  --  nickel  and  chromium  as  well  as 
different  admixtures  (molybdenum,  titanium,  niobium,  etc.) 
—  we  introduced  a  ratio  of  the  thickness  of  the  portion 
of  the  diffuslonal  layer  containing  the  projections  along 
the  grain  boundaries  to  that  of  the  compact  portion  of  th:> 
diffuslonal  layer.  This  ratio  has  been  called  the  co¬ 
efficient  of  diffuslonal  mobility  of  nickel  along  the 
grain  boundaries  A  high  value  of  this  ratio  charac¬ 
terizes  the  Increased  diffuslonal  mobility  of  nickel  atoms 
along  the  grain  boundaries  (Figure  4b-e)  while  the  tendency 
of  coefficient  a  to  approach  zero  means  the  decrease  of 
diffuslonal  mobility  down  to  the  complete  liquidation  of 
the  Intergranular  effect  when  ~  0  (Figure  5cd). 
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or  :-;oli3h6Ci  Section  xl,  alloy  IJil?!!!! 
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r-yr-.rular  boundaries,  to  trace  the  influence  of  tl'C 
uturoft  (i;;Olybdenir-i,  titani^ra,  tunyster,  etc.)  on  thl 
llty  ,  .and,  r,'. 51.?  1 1  y ,  to  eatablii:;b  a  certain  cori'eopon 
o  betvoen  the  decree  of  the  dlffuaional  mobility  of 
:niv:';.el  l.n  the  alloji?  binder  study  and  the  ucchanioa], 

';  "nr.',ctet‘lst:lcs  of  their  heat  resistance-^^'Jt. 

.'..Ovever,  It  should  be  noted  that  the  valu*;  of  the 
conff ent  of  diffusional  iaobility  of  nlchel  a  fluci.nt, 
flt5h.n  adde  riunye  --  often  for  one  and  the  -.5-ie  sco:!.:;. 

•'•T r-o.no hat o r- h?  r.ote:  Tne  original  te..K;t  has  Nil9nlil,  .ott 
this  is  rurarently  an  error  or  a  triiepr.lnt;  tlie  coi'.rer-t 
nare  is  CrlSNill. 

■^^See  the  article  by  V.  I.  Arhharov,  S.  I.  Ivanovskaya, 

JL-  N*  lolesnihov,  .and  A.  I.  lioiseyev  in  this  collectio?!. _ 1 
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and  still  more  for  the  specimens  of  one  and  the  same  j 

alloy. 


The  coefficient  a  depends  on  the  degree  of  distor~ 
tilon  in  the  intergranular  zones  of  the  alloy  and  the  de- 
^  gz-ee  of  internal  adsorption  of  the  impurities.  Both  of  — 

"  these  depend  moot  strongly  on  the  interrelated  orientation 
of  whe  crystallites  connected  by  this  zone. 

Consequently,  the  effect  of  the  increased  inter¬ 
granular  mobility  of  nickel  evident  in  the  projection  of 
tine  diffusional  front  also  depends,  within  a  wide  range, 
on  this  interrelated  orientation.  In  addition,  importance 
may  be  att;:ched  to  the  vsegregation  of  the  alloying,  ele¬ 
ment  W'lioh  lerads  to  t..  o  affect  of  intergranular-  diffiz- 
sion  being  pronounced  in  a  different  degree  in  various 
sectors  over  the  volume  of  one  and  the  same  epecimen. 

However,  despite  the  strong  fluctuation  in  the  values 
of  the  measured  coefficients  of  dlffuslonai  mobility, 
the  averaging  of  these  values^from  a  sufficiently  great 
number  of  measurements  made  it  possible  to  obtain  an  idea 
of  the  influence  exerted  on  the  dlffuslonai  mobility  of 
nickel  by  the  factors  sought  (alloying  elements,  tempera¬ 
ture,  etc.)  in  both  qualitative  and  roughly  quantitative 
terms.  We  will  therefore  not  dwell  upon  the  results  of 
the  numerous  measurements,  but  will  confine  ourselves  to 
the  conclusions  stated  below. 

7.  Measurement  Results  of  Dlffuslonai  Mobility  of 
Nickel  in  the  Alloys  Under  Examination 

We  have  investigated  the  dlffuslonai  front  of 
ni'  Uv-l  In  austenitic  alloys  (without  admixtures)  containing 
-•ither  20  or  40  percent  chromium,  where  the  nickel  content 
v.-riei  from  10,  20  and  40  to  30  percent.  The  intergranular 
eufect  (projections  of  the  dlffuslonai  front  along  the 
bc-ind.arle3  of  the  crystallites)  was  observed  neither  in 
the-  Cr40Ni40-type  alloy  (Table  1,  alloy  10)  nor  in  that  of 
CrSONiSO  (Table  1,  alloy  11). 

Tho  intergranular  effect  was  distinctly  pronounced 
in  the  GrPOWilO-,  Cr20Ni20-,  and  Cr20Ni40-type  alloys. 


*M-olr'bdenuin,  as  we  know,  is  particularly  exposed  to  such 
segregation. 
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[For  example,  for  one  melt  series,  without  ailaixtures,  thTl 
I  coefficient  of  diffusional  mobility  of  nickel  along  the 
boundaries  came  down  from  values  of  1.5  -  2.5  for 
Cr20N110«type  alloys  to  those  of  1.2  -  1.6  for  the 
Cr21N120~type  alloy  and  to  1.0  -  1.36  for  the  Crl8N139 
type;  in  the  Cr38N137“  and  Gr20Nl80-type  alloys  the  co-  — 
efficient  was  equal  to  zero. 

From  the  examined  additions  of  molybdenum  to  the 
chromiinn-nlckel  austenitic  alloys,  ranging  from  0.24  to 
5.0  percent  (Table  1,  alloys  12-32),  the  highest  additions 
of  molybdenum  at  temperatures  of  1100  and  1250°  reduce  most 
strongly  the  diffusional  mobility  of  nickel  (Table  3). 

Table  3 

The  diffusional  mobility  of  nickel  ^  in  austenitic 
alloys  with  the  admixture  of  some  elements 


si 

r*l  i 

j  Conventional 
;  brand  of 

o 1  alloy 

.  i 

o  I 
^  : 

- 1 - 

Mean  value 
of  the 
coefficient 
£  at 

diffusional  ! 

temperatures 

-  -  1 

No.  of  alloy  j 

Conventional 
brand  of 
alloy  i 

Mean  value 
of  the 
coefficient 
&  a>t 

diffusional 

temperatures 

850° 

1100° 

o 

o 

00 

1100° 

5 

j  Cr20N120  ! 

2,2 

35 

Cr20N120T10.4 

0.7 

13 

iCr20m20Mo0.7  i 

3.8 

37 

Cr2m20T11.9 

0,0 

12 

t Crl9N120Mo0.2 

1 

3,3 

143 

Cr20N119Nb0.25 

— 

0,0 

14 

Cr20Ni20Mol.2 

1.8 

45 

!Crl9Ni20Nb0.5 

.... 

0.7 

21 

Cr20Nll6Mo4 

1  - 

0.4 

46 

|Crl9N120Nbl.0 

1.1 

22 

Cr20Hil0Mo5 

! 

0,1 

147 

Crl9N120Nb2 

1.7 

26 

Cr20N120Mo4.7 

! 

0,35 

50 

Cr20N120A10.1 

2.5 

2,2 

27 

Crl8Ni20Mo5 

_ 

0.0 

51 

Crl9N120A10.5 

0,5 

2.1 

33 

Cr20N120T10.01 

2.8 

52 

Cr20N120A101* 

1.7 

1,0 

Cr20Hii8T10.1 

— 

2.3 

~ 

♦Translatoz^a  note:  Apparently  the  decimal  has  been  left 


j  out  In  the  original. 
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rThe  additions  of  titanium,  niobium,  and  aluminum  1 
(Table  1,  alloys  33-42,  43-49,  aind  50-52)  quite  markedly 
reduce  the  dlffuslonal  mobility  of  nickel  along  the 
boundaries  within  a  specific  range  of  concentration  and 
temperature. 

Prom  the  examined  additions  of  titanium,  0.01  - 
1.9  percent  (Table  1,  alloys  33-42),  the  strongest  Influ¬ 
ence  on  the  shape  of  the  dlffuslonal  front  of  nlokel  was 
exerted  by  the  addition  of  1.9  percent  T1  at  a  dlffuslon¬ 
al  temperature  of  1100°;  in  this  case  there  is  no  diffu¬ 
sion  of  nickel  whatsoever  along  the  boundaries  of  the 
crystallites.  Niobium  is  most  effective  when  added  In 
amounts  of  the  order  0.25  -  0.5  percent  at  a  dlffuslonal 
temperature  ranging  from  1100  to  1250°;  It  reduces  the 
dlffuslonal  mobility  of  nickel  along  the  boundaries.  At 
considerably  lower  temperatures  (950  -  750°)  the  diffu- 
sional  mobility  of  nickel  increases  In  the  Indicated  alloys. 

On  the  other  hand,  the  most  effectively  acting 
addition  of  aluminum  (0.5  percent)  strongly  reduces  the 
dlffuslonal  mobility  of  nickel  at  850°  (see  Table  3). 

All  examined  additions  of  tungsten  (0.2  -  4.0  per¬ 
cent)  (Table  1,  alloys  53-59)  moderately  reduce  the  dlf- 
fusional  mobility  of  nickel  along  the  boundaries  of  the 
crystallites;  alloys  containing  1.26  -  4,0  percent  tung¬ 
sten  show  the  lowest  coefficient  (a  =  0.9  -  1.5). 

The  additions  of  boron  exerted  the  least  notice¬ 
able  influence  on  the  dlffuslonal  mobility  of  nickel. 

Diffusing  nickel  In  high-nlcfcel  alloys  on  the 
basis  Cr20N135-40  (chromium  20  percent,  nickel  35-40 
percent)  with  various  admixtures,  the  coefficient  of 
alffuslonsl  mobility  ^  la  pronounced  less. 

In  examining  the dlffuslonal  mobility  of  nickel  In 
alleys  on  the  basis  of  Cr20Ni20  with  admixture  combina¬ 
tions  of  niobium  and  molybdenum  or  titanium,  as  well  as 
combinations  of  aluminum  with  niobium  or  titanium,  no 
additional  effect  of  these  additions  was  observed.  These 
alloys  may  serve  as  an  example  to  confirm  the  possibility 
of  competition  of  various  surface- active  (horophlle) 
impurities  with  respect  to  their  being  saturated  by  the 
Intergranular  zones  of  the  alloy;  the  adsorption  of  one 
,  of  the  impurities  may  in  some  cases  predominate  (6). 
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Table  4 


The  diffuslonal  mobility  of  nickel  a  in  alloys  with 

combined  admixtures* 


iKo.  of 
alloy 


■ 

- 1 

Mean  value  of 

Conventional 

coefficient  ^ 

brand  of 

at  diffuslonal 

alloy 

temperatures 

950°  j  1100° 

\  '+5 
1  34 


\  *-^1 

!43 
i  72 
I  51 
1  36  a 

I  5 


Crl9Ni20Nb0 . 3T10 . 1** 

Gr20K119Nb0.3 

Gr20Nil8T10.1 

Or  20N1 2im50 . 4MoO .  2 

Crl9Ni20I?b0.5 

Crl9Ni20Ko0.2 

Cr>20Jm9A10.5Nb0.3 

Crl9Ni20A10.5 

Cr20M119Nb0.3 

Cr21N120A10.5T10.8 

Crl9N120A10,5 

Grl9ini9T10.8*** 

Cr20Hi20 


0.70 

0.25 

0.90 

4.50 
2.30 

1.50 
1.20 
0.80 
0.25 
0.80 
0.80 
1.00 
4.2 


compjired  to  the  diffuslonal  mobility  of  nickel  in 
filloys  v/ith  the  same  admixtures  taken  seoarately, 

**The  alloy  contained  18,90  percent  Or;  i9.60  percent  Nl; 
0.15  percent  Tl;  and  0.25  percent  IJb. 

alloy  contained  19.95  percent  Or;  20.00  percent  Nl; 
r.nd  0.79  percent  Tl. 

L  _J 


58 


r~  As  an  example,  Table  4  gives  the  average  values  } 

I  of  the  coefficient  of  dlffasional  mobility  of  the  atoms 
of  nickel  a  for  four  groups  of  alloys  with  the  combined 
admlxtures^of  the  following  elements:  niobium  and 
titanium,  niobium  and  molybdenum,  and,  finally,  aluminum 

and  titanium.  The  values  of  the  coefficient  a  for  the  _ 

*'  base-alloy  (Or20N120}  are  given  for  comparison. 

It  is  obvious  from  Table  4  that  the  combined  ad¬ 
mixture  of  two  elements  for  any  of  the  four  alloys  (Noa, 
68a,  65,  73,  and  72)  was  composed  in  such  a  way  that.  In 
two  alloys  of  the  same  base  adding  the  same  elements,  the 
coefficient  ^  at  a  high  temperature  (1100*^)  of  either  one 
of  them  considerably  differs;  for  example,  for  alloys  43 
and  34,  the  coefficient  ^  was  0.0  and  2.3;  for  alloys  45 
and  12  it  was  0.7  -  3.3j”'for  alloys  51  and  36A  it  was  2.1 
and  0.4;  and  for  alloys  43  and  36a  it  was  6.0  and  2.1 

In  alloys  with  a  combined  admixture  of  the  above 
elements,  the  coefficient  §.  aX  &  diffusion  temperature 
(1100^)  as  a  rule  dropped,  its  value  approaching  to  that 
of  the  coefficient  for  an  alloy  with  one  of  the  elements 
taken  individually.  Here,  in  all  three  alloys  where 
niobium  was  used  in  the  combined  admixture  (in  amounts 
ranging  from  0.3  to  0.5  percent),  at  a  diffusion  tempera¬ 
ture  of  1100®,  niobium  "subdued”  the  influence  of  the 
other  competing  element  (titanium,  molybdenum,  and  alumi¬ 
num),  and  the  coefficient  ^  decreaised. 

At  much  lower  temperatures  of  diffusion  (950°)  a 
similar  relationship  in  the  reduction  of  coefficient  ^  was 
observed  only  in  the  alloy  with  the  combined  admixture 
of  niobium  and  titanium.  In  the  other  alloys  with  a  cc«a- 
bined  admixture,  the  dlffuslonal  mobility  either  increased 
considerably  as  compared  to  that  of  the  alloys  with  one 
of  the  admixture  (alloys  with  niobium  and  molybdenum  as 
well  as  with  niobium  and  aluminum)  or  remained  at  the 
same  level  (alloy  with  titanium  and  aluminum).  This  means 
that  the  adsorption  effect  of  niobium  becomes  paralyzed 
at  reduced  dlffuslonal  temperatures  in  an  alloy  with  a 
coiriMned  admixture  (niobium-molybdenum  and  nioblum-alximl- 
num) . 

Thus,  the  additions  of  molybdenum  and  aluminum 
wl6l30ut  niobium  display  the  adsorption  effect  weakly, 
whereas  in  the  presence  of  niobium  they  paralyze  its 

,  effect. 

L 
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rll.  X-Ray  Diffraction  Sxamlnatlon  of  the  j 

Diffusion  Zone  of  Nickel 

An  X-ray  diffraction  examination  was  carried  out 
in  order  to  clarify  the  nature  of  the  dlffueional  zone  of 
nickel  with  the  pro;Jectlona  along  the  grain  bourjdarles.  _ 

A  special  specimen  of  the  Grl9Nlll  alloy  (Table  1, 
alloy  2)  v;as  prepared  for  the  X-ray  examination.  A 
hollow  6  mm  in  diameter  and  13  mm  deep  was  drilled  in  the 
15  X  15  X  15-mm  specimen,  A  4  x  4  x  7-mm  Insert  was  made 
separately  of  the  seme  alloy  as  the  basic  specimen.  Both 
the  insert  and  the  hollow  were  deeply  etched  to  remove 
the  deformed  layer.  The  Insert  was  placed  Into  the  hollow 
and  the  clearance  between  the  insert  and  the  surface  of 
the  hollow  was  filled  with  nickel  powder,  tightly  packed: 
the  hollow  was  clogged  up  with  an  Iron  plug. 

The  diffusion  of  nickel  took  place  at  a  1100 
temperature  over  a  period  of  12  hours,  A  longitudinal, 
slightly  inclined  cut  was  then  made  near  one  of  the  longi¬ 
tudinal  planes  of  the  insert.  Thus,  the  plane  of  the  cut 
passed  through  the  diffusion  zone  at  a  slight  angle  of 
inclination  (approximately  perpendicular  to  the  direction 
c'f  the  dlffuslonal  flux).  This  cut  is  exhibited  in  Pigure 
Ga  showing  the  dlffuslonal  zone  corresponding  to  the 
variation  in  depth;  the  lower  portion  of  the  picture  shows 
the  area  nearer  to  the  compact  dlffuslonal  layer;  the 
upper  portion  of  the  picture  shows  the  '’projections''  along 
the  grain  boundaries  which  in  this  section  represent  a  net 
along  the  grain  boundaries  of  the  basic  metal  (austenite). 

The  X-ray  diffraction  examination  was  carried  out 
by  uhe  method  of  filming  the  stationary  polycryatalline 
specimen  (polished  section)  in  the  monochromatic  K- 
radiation  of  iron.  The  X-ray  pictures  produced  various 
sectors  of  the  incllnced  cut  of  the  dlfKisional  zone  which 
c-c  be  seen  in  Figure  8a,  beginning  with  the  region  near 
t  .e  nickel  clog  (see  Table  5,  Sector  No.  1)  and  ending 
v’r:  sectors  In  the  area  untouched  by  the  diffusion,  the 
P  ;  :'hftdr-cn  .-iustenite  —  the  basic  metal  of  the  specimen 
(pec  cars  1^-17). 


_J 
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""  Exsuaination  of  the  X-ray  pictures  obtained  shows  J 

that  on  some  of  the  roentgenograms  (Sectors  1,  2,  6,  9, 
and  10)  there  are  two  line  systems,  each  of  which  corres¬ 
ponds  to  a  face-centered  cubic  lattice;  these  two  lattices 
differ  in  parameters.  A  lattice  parameter  was  determined 

from  each  of  the  two  line  aysteoa  on  said  roentgenograms  _ 

by  extrapolating  the  lattice  parameter  values  for  each 
individual  line  at  a  90'°  angle.  Obviously,  two  line 
systems  cn  one  and  the  same  roentgenogram  resulted  when 
the  primary  beam  illustrated  the  mlcrostructure  sectors 
containing  simultaneously  both  the  cross  sections  of  the 
projections  of  the  dlffualonal  front  and  the  polyhedrons 
of  nustenlte  between  these  projections  (Figure  Sb).  But 
tn  cases  In  which  the  primary  beam  illuminated  the  sectors 
of  the  polished  section  filled  with  either  diffusive  pro¬ 
jections  (Figure  8c)  or  only  with  polyhedrons  of  austenite, 
there  reaultad  one  line  system*. 


il  ie  system  may  also  result  when  the  ill’jmlnated 
po;_  ..vhed  section  contains,  basically,  sectors  of  one  type 
(either  austenite  or  cross  sections  of  diffusive  pro¬ 
jections)  in  the  presence  of  small  sectors  of  another 
type;  in  this  case,  the  latter  produce  very  weak  lines 
on  the  roentgenograms  which  blend  into  the  background 
and  are  therefore  almost  imperceptible. 
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Th«  Yalues  of  the  lattice  parameters  of  the  solid 
solution  of  the  diffusion  zone,  ^ 
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Figure  9»  Variation  curves  of  the 
lattice  parameter  of  the  solid  solution 
of  the  dlffuslonal  zone* 


Figure  5  gives  the  values  of  the  lattice  parameters 
for  the  various  sectors  of  the  diffusional  zone.  In  cases 
of  one-line  systems,  one  parameter  (j4i)  is  given,  and  in 
cases  of  two-line  systems,  two  parameters  and  Ap) . 

Figure  9  shows  curves  mapped  out  on  the  basis  of  the 
examination  results  given  in  Figure  5. 

The  data  obtaiined  make  it  possible  to  draw  the  follow¬ 
ing  conclusions: 

(a)  in  some  sectors  (in  the  central  portion  of  the 
section)  within  the  range  of  the  illuminated  area  there  are 
two  solid  solutions  of  different  concentrations,  one  of  which 
corresponds  to  the  Intergranular  projections  of  the  diffu¬ 
sional  front,  and  the  other  of  which  is  contained  in  the 
sectors  between  these  projections.  The  slight  blur  of  the 
lines  indicates  thatthe  possible  drop  in  concentration 
between  the  diffusional  projectflin  and  the  grain  must  be  very 
sharp ; 


(b)  in  all  cases  when  two  values  of  the  lattice 
parameters  for  one  and  the  same  photographed  sector  are 
obtained,  the  value  corresponding  to  that  of  the  solid  solu¬ 
tion,  richer  in  nickel  (the  lower  value  corresponds  to  the 
projections  of  the  diffusional  front),  must  bo  approximately 
constant  along  the  entire  length  of  the  diffusional  zone. 

It  follows  from  this  that  the  concentration  of 
nickel  is  approximately  the  same  along  the  projection  of  the 
diffusional  front,  dropping  sharply  at  the  end  of  the  pro¬ 
jection  as  well  as  sideways  toward  the  mass  of  the  grain. 

Conclusions 

1.  Disclosure  was  made  of  a  phenomenon  of  prefer¬ 
ential  diffusional  mobility  of  nickel  along  the  intergranu¬ 
lar  boundaries  in  ferrum-chromlum-nlckel  austenitic  alloys; 
this  explains  the  formation  of  distinctly  pronounced  pro¬ 
jections  of  the  diffusional  front  along  the  crystallites  of 
austenite.  According  to  the  data  of  the  investigations  con¬ 
ducted  by  different  methods  (mlcrostructural.  X-ray  diffract¬ 
ion,  magnetic  metallography,  and  the  microhardness  measuring 
method),  the  diffusional  zone  of  nickel  (the  Intergranular 
projections  and  the  compact  layer)  represent  a  solid  solution 
of  a  much  higher  nickel  concentration,  as  compared  to  the 
initial  austenite  of  the  alloy,  showing  a  sharp  drop  in 


64 


concentration  toward  the  mass  of  the  grain  and  the  end  of 
projections.  This  Is  confirmed  by  the  fact  that  In  the 
diffusion  zones  the  etching  properties  of  the  solid  solution, 
the  lattice  parameter,  and  the  mlcrohardness  are  reduced, 
whereas  the  magnetic  properties  are  increased. 

2.  The  degree  to  which  the  diffuslonal  mobility  of 
nickel  along  the  grain  boundaries  evident  is  evaluated  by  us 
according  to  the  slcrostructure  of  the  diffuslonal  zone 
(coefficient  a);  It  represents  a  structure-sensitive  char¬ 
acteristic  which  varies  strongly,  depending  probably  on  the 
reciprocal  orientation  of  the  given  pair  of  crystallites, 

at  their  conjunction  where  the  diffuslonal  mobility  la  de¬ 
termined,  and  on  the  nonuniformity  of  the  specimen  (the 
segregation  of  the  alloying  elements). 

Having  taken  sufficient  measurements  and  having 
averaged  the  coefficient  a  of  the  diffuslonal  mobility,  we 
obtained  both  qualitative  and  roughly  qusuitltatlve  ideas 
concerning  the  Influence  exerted  on  the  diffuslonal  mobility 
of  nickel  by  such  factors  as  the  admixture  of  alloying  ele¬ 
ments  (the  chemical  nature  of  the  admixture,  amount,  etc.), 
the  temperature  of  the  test,  etc. 

3.  In  analyzing  the  diffusion  of  nickel  into 
austenitic  alloys,  mainly  of  a  Cr20N120  base  (20  percent 
chromium  and  20  percent  nickel),  with  the  admixture  of  such 
elements  as  nlobiiim  (0.25  -  2.0  percent);  aluminum  (0.13  - 
1.0  percent);  titanium  (0.01  -  1.9  percent);  molybdenum 
(0.24  -  5.0  percent);  tungsten  (0,2  -  4.0  percent)  and  boron 
(0.01  -  0.05  percent)  we  found  that  all  these  admixtures 
reduce  the  intergranular  diffuslonal  mobility  of  nickel  to 
one  extent  or  another.  The  most  effective  Influence  here  Is 
that  of  niobium  (at  low  and  medium  contents  within  the  range 
under  study),  aluminum  (medium  contents),  and  titanium  and 
molybdeniM  (at  high  contents);  tungsten  is  less  effective; 
and  the  most  feeble  influence  is  exerted  by  boron. 

The  amount  of  the  admixture,  which  reduces  most  of 
all  the  degree  of  diffuslonal  mobility,  depends  on  tempera¬ 
ture. 


4.  The  nature  of  the  projections  of  the  diffuslonal 
front  varies  depending  on  the  temperature  regions  of  the 
diffusion.  At  low  diffusion  temperatures  (750  -  960°),  the 
projections  originate  In  the  form  of  very  long  and  thin 
veinlets  extending  far  down  Into  the  specimen  of  austenite, 
along  the  boundaries  of  the  polyhedrons;  In  the  temperature 
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regions  of  950  -  1100°,  the  projections  appear  as  narrow 
strips  with  distinctly  outlined  contours  turning  deep  into 
the  austenite  along  the  Intergranular  boundaries  and  forming 
characteristics  loops  around  the  polyhedrons  of  the  austenite, 
the  nearest  to  the  compact  dlffuslonal  front. 

At  a  temperature  of  1250°  and  above,  the  projections 
of  the  front  are  rare,  wide,  and  blurred  down  to  complete 
smoothing  of  the  dlffuslonal  front. 
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The  Influence  of  Internal  Adsorption  on  the  Variation  of  the 
Crystal  Lattice  Parameter  of  a  Heat-Resistant  Alloy 
at  the  Change  of  the  Grain  Size 

By  V.  I.  Arkharov  and  A.  A.  Pen'tlna 


The  chemical  sjid  structural  nonuniformities  of  the 
alloy  are  of  great  importance  in  decelerating  the  processes 
of  plastic  deformation.  A  certain  optimum  of  these  nonuni¬ 
formities  is  required  to  raise  the  heat  resistance  of  one  or 
another  alloy*. 

One  of  the  earlier  published  studies  cites  the  intro¬ 
duction  of  a  hypothesis  on  the  existence  of  an  effect, 
called  the  Intergranular  Internal  adsorption,  which  la  analo¬ 
gous  to  the  Gibbs  effect  on  the  free  interface  of  two 
different  media.  This  hypothesis  has  by  now  obtained  some 
experimental  confirmation.  The  existence  of  the  above  phe¬ 
nomenon  results  in  the  fact  that  tie  concentration  of  some 
impurities  (called  horophlle)  in  t le  intergranular  transi¬ 
tional  zones  is  increased  in  compai'lson  with  their  average 
concentration  in  the  alloy.  At  sufficient  soaking  this 
concentration  attains  a  certain  level  at  a  given  temperature 
and  relationship  of  the  orientations  of  the  grains. 

The  nonuniform  distribution  in  the  concentration  of 
the  horophlle  element  may  exett  a  substantial  influence  on 
the  heat-resistant  properties  of  the  alloy. 

In  many  alloys  the  parameter  of  the  crystal  lattice 
of  the  solid  solution  markedly  depends  on  the  concentration 
of  the  impurity.  In  polycrystalline  specimens  of  such  solid 
solutions,  the  variations  of  the  distribution  in  the  con¬ 
centration  of  the  impurity  --  due  to  its  being  horophlle  -- 
may  be  observed  during  the  roentgenographlc  measurement  of 
the  lattice  parameter,  particularly  when  measuring  the  grain 
size.  The  smaller  the  grain  size  is,  the  larger  will  be  the 


*See  the  article  by  V.  I.  Arkharov  and  M.  3.  Yakutovlch 
in  this  collection. 
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total  volumo  of  tho  intergranular  transitional  zones;  the 
greater  the  amount  of  the  diffusible  horophile  impurity  in 
them,  the  greater  will  tho  corresponding  variations  of  con¬ 
centration  in  tho  mass  of  the  grain  be,  and,  consequently, 
the  more  will  the  parameter  of  the  crystal  lattice  vary. 

The  variation  in  the  parameter  will  be  directed  toward  either 
its  decrease  or  its  increase,  depending  both  on  the  chemical 
composition  of  the  constituents  of  the  solid  solution  and 
on  tho  correlation  of  their  atomic  radii. 

It  should  be  noted  that  the  diffraction  pattern  on 
the  roentgenogram  reflects  both  the  state  and  structure  of 
the  grain  mass,  whereas  the  Intergranular  transitional  zones 
do  not  in  vlev;  of  the  fact  that,  first,  tho  total  volume 
of  those  zones  la  small  in  comparison  with  the  total  mass 
of  all  grains  and,  second,  the  crystal  lattice  in  these  zones 
is  strongly  distorted. 

Consequently,  the  precision  measurement  of  the  para¬ 
meter  of  the  crystal  lattice  may  be  used  as  a  method  for 
studying  the  intergranular  internal  adsorption  aiding  tho 
determination  of  the  horophllo  activity  of  some  element  or 
another. 


The  Technique  of  tho  Investigation 

For  this  investigation  certain  alloys  were  selected 
from  those  tested  by  other  metnods  described  in  the  other 
articles  of  this  collection.  The  composition  of  the  alloys 
is  given  in  Table  1. 
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Table  1 


The  chemical  composition  of  the  alloys,  percent 

(of  an  iron-base) 
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1 
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0>60 

i 

— 

_ 
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The  alloys  were  forged  and  rolled  in  the  form  of 
rods  with  a  cross  section  of  15  x  15  mm;  the  rods  were  then 
out.  The  specimen  dimensions  were:  15  x  15  x  10  nun. 

Since  it  was  necessary  to  trace  the  effect  of  the 
variation  in  the  crystal  lattice  parameter  due  to  the 
possible  internal  intergranular  adsorption  of  one  element 
or  another,  a  technique  developed  earlier  was  used  to  com- 
r:ai*e  crystal  lattice  parameter  of  the  solid  solution  in  one 
aifia  the  same  specimen;  the  latter  was  submitted  to  thermo- 
mechanical  treatment  in  order  to  produce  first  the  macro¬ 
grain  state  and  then  the  mlcrograln  state.  The  observation 
of  the  variations  in  the  crystal  lattice  parameter  on  one 
ond  the  same  specimen  eliminates  the  Influence  of  a  poasl- 
b'^e  nonuniformity  in  concentration  from  one  specimen  to 
aaother.  A  few  test  series  were  run  on  different  specimens 
to  verify  the  reproducibility  of  results  for  one  and  the 
same  alloy. 

As  previ07isly  indicated,  the  greater  the  difference 
in  grain  size  the  greater  the  variation  in  concentration 
in  the  mass  of  the  grain.  The  parameters  of  the  crystal 
lattice  of  the  solid  solution  in  macrocrystalline  and  fine¬ 
grained  states  differ  accordingly.  The  lattice  parameter 
ipf  the  specimen  in  the  macrocrystalline  state  will  J 
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Icorrespond  to  a  higher  concentration  of  the  horophlle 
jelenent,  hut  In  the  fine-grained  state,  the  lattice  para¬ 
meter  will,  Inversely,  vary  In  thp  ’’‘=*otlon  corresponding 
to  a  reduction  in  the  conoentrat  ne  horophlle  ele¬ 

ment. 


Originally  we  Investigated  specimens  some  of  which 
were  annealed  at  1250^  and  had  a  coarse  grain  and  the 
others  of  idiich  were  annealed  at  950®  and  had  a  fine  grain. 
Next,  the  grain  of  the  macrocrystalline  specimen  was 
ground  by  cold  rolling  to  a  cross  section  of  10  x  10  mm 
and  than  annealed  at  950®  to  remove  stresses.  In  the 
fine-grained  specimens,  the  grain  was  coarsened  by  collect¬ 
ive  recrystalllzatlon  at  1250®*  After  the  specimens  were 
X-rayed  they  were  subjected  to  a  reversal  operation:  the 
structure  In  the  fine-grained  specimens  was  coarsened  by 
annealing  at  1250®,  and  the  macrocrystalline  specimens 
were  converted  to  fine-grained  by  rolling  to  a  cross 
section  of  10  X  10  mm.  The  subsequent  thermomechanical 
tx*eatment  similarly  resulted  in  a  reduction  of  the  coarse 
grain  and  In  a  coarsening  of  the  fine  grain  in  the  specl- 
lens. 


The  specimens  of  each  alloy  selected  were  subjected 
to  this  treatment. 

The  grain  size  was  checked  after  each  annealing  by 
photomicrography  at  a  magnification  of  130X.  Here  the 
croas-seotlonal  area  of  the  grain  varied  100  -  1000-fold. 

The  measurement  of  the  crystal  lattice  parameter 
was  carried  out  by  the  method  of  reversed  roentgenography. 
The  X-rays  were  taken  in  the  beams  of  -Cr. 

Repeated  measurements  of  the  distances  between  the 
lines  on  the  roentgenograms  have  produced  a  maximum 
difference  of  0.3  sun.  This  corresponds  to  the  maximum 
error  in  measuring  the  crystal  lattice  parameter  of  the 
analyzed  solid  solutions  which  Is  0.0010  St. 

In  determining  the  parameter  of  the  crystal  lattice, 
the  error  Is  calculated  according  to  the  following  formu¬ 
la: 
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a 


=  -  oot  QA9, 


whereas  Aq  s  ^ I»  •  8lii4(^  -  6) 

L  - 1 - * 

where  a  is  the  lattice  parameter; 

0  is  the  angle  of  reflection;  and 

L  is  the  distance  between  the  symmetrical  lines  on 
the  roentgenogram « 


Examination  Results 

The  observed  variations  in  the  parameter  of  the 
crystal  lattice  In  the  solid  solution  of  Cr20N120  without 
the  special  admixtures  and  with  the  admixtures  of  molybde¬ 
num,  niobium,  or  titanium  are  given  in  Table  2,  These 
variations  represent  the  difference  in  the  parameters  of 
the  crystal  lattice  for  the  macrograin  and  fine-grained 
structures  of  the  alloy  tested. 

The  parameter  measurements  of  several  specimens  of 
iach  alloy  were  tahen  with  repeated  reducing  and  coarsening 
of  the  grain  by  means  of  a  specific  thermomechanical  treat¬ 
ment;  the  variations  of  the  parameter  exceed  the  measurement 
error* 


The  variation  of  the  parameter  with  either  an  in¬ 
crease  or  decrease  in  grain  size  was  reproduced  in  all 
cases  and  for  each  alloy.  The  observed  variations  in  the 
Glzo  Of  the  parameter  of  the  crystal  lattice  reflect  the 
veriations  in  concentration  that  actually  occur  in  the 
solid  solutions  with  the  change  in  grain  size. 

In  order  to  clarify  the  general  character  of  in¬ 
fluence  of  the  above  admixtures  on  the  parameter  of  the 
crystal  lattice,  measrxrements  were  also  taken  of  the 
lattice  parameter  of  the  Cr20N120  base  with  relatively 
admixtures  of  molybdenum,  niobium,  or  titanium  (see  Table 
1 } ,  The  obtained  values  for  the  parameter  of  the  speci¬ 
mens  with  solid  solutions  having  a  macrograln  structure 
are  given  in  Table  3. 
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liable  2 


Th3  varlatlonu  In  the  parameter  of  the  oryatal  lattice 
of  the  solid  solution  of  Cr20N120  with  and  without 

admixtures 


Conventional 
make 
of  steel 


Cr20Ni20 


Or20N120Mo0.6 


Cr20Ni20Kh0.5 


;r20N120T10.4 


•3 

o 

<ri  e 

V(  d  A 
O  A  -P 

h  <y  0 
0  0  0 
•O  *S  4* 
a  o  d 

tafiu 

0  -P 
P 


d 

I  *<-1  d  » 

{  0  ir 

I  dP  q<i 
o  o  I 

I  ^  ^  m\ 

t  s  <1 


Remarks 


In  all  cases  the 
parameter  varies  to¬ 
ward  a  decrease  when 
the  grain  is  coarsened 
and  varies  toward  an 
increase  when  the 
grain  size  is  reduced* 

I  In  all  cases  the 
I  parameter  varies  to- 
jward  an  increase  when 
I  the  grain  is  coarsened 
and  variee  toward  a 
decrease  when  the  grain 
size  is  reduced. 


■*i;he  thermomeohaxilcal  treatment  was  conducted  in  succession 
for  either  reducing  or  coarsening  the  grain  in  the  micro- 
structure  of  the  specimen. 

**Tbe  mean  variation  value  of  the  parameter  with  the 
change  In  grain  size  is  10  -  100- fold;  the  absolute 
dimensions  of  the  grains  In  various  tests  varied  from  4  to 
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Conventional  make 
of  steel 

. .  *■■■■  . . —  — 1  - 

Parameter  of  crystal  lattice 
(moan  value  2.) 

Cr2aNi20Ko3 

3.5984 

Cr20N120Nb2 

3.5871 

Cr20Ni20Ti2 

3.5956 

Cr20Ni20 

5.5325 

Dlseuaeion  of  Results 

The  measurement 8  of  the  crystal  lattice  parameter 
conducted  on  several  specimens  show  that  the  results  are 
entirely  reproducible. 

The  lattice  parameter  of  the  macrograln  structure 
of  the  austenitic  alloy  Cr20N120  (without  special  admix¬ 
tures)  is  lover  than  that  of  the  fine-srained  structure. 
Slnca  the  naraiaeter  of  the  crystal  lattice  of  the  investl- 
;:^3ted  triple  solid  solution  increases  with  the  reduction 
in  the  aonoentration  of  nickel,  it  is  obvious  that  the 
con-jentratlon  of  nickel  in  the  yraln  decreases  with  the 
r-adufttion  in  grain  size,  insofar  as  the  total  amount  of 
nickel  Increases  in  the  intergranular  transitional  zones  as 
tho  total  volume  of  the  latter  5,s  Increased.  Consequently, 
the  transition  of  nickel  from  the  strain  to  the  interpiranular 
zones  cause 3  the  increase  of  the  parameter  of  the  crystal 
lattice  In  the  mass  of  the  prrain. 

This  provides  a  reason  for  concluding  that  the 
ricicel  in  this  solid  solution  is  a  positively  active  horo- 
■  "lie  element  which  participates  in  the  Internal  Intergrarx- 
ular  adsorption. 

The  variations  in  the  crystal  lattice  parameter  of 
the  solid  solutions  of  Cr20Wi20  base  with  small  admixtures 
of  ffioiybdenusi,  niobium,  or  titanium  are  opposite  (with  the 
change  in  grain  size)  to  those  observed  in  a  solid  solu¬ 
tion  without  these  additions.  The  parameter  of  the  crystal 
lattice  for  a  macrograln  state  is  In  th^  cases  greater 

than  that  for  a  fine-grained  state.  Kt  .he  variation 
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jTn  the  parajDoter  from  its  absolute  value  In  alloys  with  | 
Ismail  additions  la  greater  than  In  the  Cr2CN120  alloy 
seleoted  as  base.  The  greatest  variation  of  the  parameter 
of  the  crystal  lattice  occurred  in  the  alloy  with  the 
admixture  of  niobium  (Cr20N120Nb0.5) . 

In  this  case,  the  variations  of  the  parameter  show 
that  the  admixtures  of  molybdenum,  niobium,  and  titanium 
are  adsorption-active.  As  in  the  first  case,  the  concen¬ 
tration  of  the  horophile  element  (Mo,  Nb,  or  Tl)  decreases 
in  the  mass  of  the  grain  when  the  latter  is  reduced  due  to 
the  withdrawal  of  the  horophile  impurity  to  the  intergranu¬ 
lar  zones.  Here,  however,  in  cleaving  the  structure  of 
the  solid  solutions  the  diffusion  of  the  horophile  element 
in  the  intergranular  transitional  zones  causes  the  reduction 
of  the  parameter  in  contrast  with  the  analogous  case  of 
such  a  diffusion  of  horophile  nickel  in  the  Cr20N120  alloy. 
Vfirien  the  grain  in  the  structure  of  alloys  with  small  addi¬ 
tions  of  molybdeniom,  niobium,  or  titanium  is  coarsened 
(the  overall  expanse  and  total  volxime  of  the  intergranular 
transitional  zones  become  smaller) ,  a  corresponding  amount 
of  the  horophile  element  returns  to  the  mass  of  the  grain, 
and  we  have  a  greater  parameter  of  the  crystal  lattice 
than  in  a  fine-grained  structxire.  The  fact  that  the  in¬ 
crease  In  concentration  of  such  Impiarltles  as  molybdenum, 
niobium,  or  titanium  In  the  grain  causes  the  increase  of 
the  crystal  lattice  parameter  as  compared  to  that  in  alloys 
without  these  additions  is  obvious  from  the  nature  of 
variation  of  the  crystal  lattice  parameter  in  alloys  con¬ 
taining  a  high  amount  of  introduced  additions,  of  the  order 
of  2  to  3  percent  (see  Table  3), 

Thus,  it  may  be  assumed  that  the  adsorption  activity 
of  additions  in  c-he  alloys  containing  them  (molybdenum, 
niobium,  or  titanium)  predominates  over  the  adsorption 
activity  of  nickel. 


Conclusions 


The  observed  variations  in  the  parameter  of  the 
crystal  lattice  of  alloys  with  the  change  in  grain  size 
suggest  the  conclusion  that  nickel,  molybdenum,  niobium, 
and  titanium  in  the  tested  alloys  are  adsorption- active 
(horophile)  elements.  This  leads  to  an  increase  in  chemi¬ 
cal  nonuniformltlss  in  the  alloys  which  may  help  to  de¬ 
celerate  the  processes  of  plastic  deformation  in  them. 

This  behavior  of  the  admixtures  may  be  one  of  the  factors 
Ijjicreasing  the  heat  resistance  of  alloys.  _J 
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The  Influence  of  Small  Ahmixturee  on  the 
Creep  of  Solid  Solutions 

Bj  V,  A.  Pavlov,  £.  S.  Yakovleva,  and  M.  V.  Yakutov^ch 


This  article  cites  the  findings  on  the  hardeniiv' 
effect:  of  small  adml^rtures  on  the  grain  toundarleij.  'live 
properties  of  the  grain  hountiarles  must  strongly  affect 
the  creep  of  alloys*  since  in  this  caa©  the  deformation  is 
to  a  greet  extent  localized  at  the  grain  boiandarlee  (1-?) . 
i'i  this  connection,  we  carried  out  an  Investlratlon  on  the 
reep  of  aliunlnoia  and  ferrua-chromliun-nlckel  alloys,  alloyed 
by  various  eloaents  forming  with  them  solid  solutions. 

Investigation  of  Alumlniim  Alloys 

The  study  was  conducted  on  alloys  of  aluminum  with 
copper,  oiagneslura,  silver,  and  zinc.  Three  series  of  alloys 
were  made  using  a  99.99"P«rcent  pure  aluminum  base;  and  two 
series  of  99.97-perceiit  pure  aluminum  (Table  1). 

Table  1 


The  chemical  composition  of  aluminum  alloys 


Aluiiiir.um 

purity, 

percent 

Alloying 

element 

1 - 

1 

j  Percentage  of  alloying  element 

i 

1  _  . 

I  Average 

1  grain 
'  size, 

- 

T-— 

^  !  i 

i 

99.99 

Zinc 

1  i 

1  0,00  {traces 

! 

0.02  1  !  0,40  {0,87 

0,12 

99.99 

Silver 

;  0,00  (traces 

0  04  1  0,17  1  1,04  1  2.fd 

99.99 

Copper 

1  0,00  1  0.017 

0.034  ■  O.W  (  0,46  i  <>,H 

0,  !2 

bQ.97 

Maffnealum 

j  0,0f)  1  uM 

0.07  j  0.48  \  0,7«  1  :>.H 

99,97 

Copper 

O.OU  1  u.Ui 

0,09  i  0,48  !  1,:40  1  2,44 

I  i  i 

*::ee  the  article  by  V.  I,  Arkharov  and  M.  V.  Yakutovich 
Ijji  this  collection.  _J 
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The  speclnena  had  the  shape  of  wires  with  2.0-  and  j 
1.7-aiiB  diameters.  The  calculated  length  was  25  am.  Prior 
to  the  teat,  all  specimens  were  subjected  to  recryatalliza- 
tlon  annealing;  the  temperature  was  so  selected  as  to  im¬ 
part  to  each  series  of  alloys  the  same  grain  size  after  the 
annealing.  _ 

The  test  on  creep  was  conducted  on  the  tenal on- 
testing  machine,  permitting  the  testing  of  six  specimens 
simultaneously.  The  overall  view  of  the  machine  Is  shown 
In  Figure  1.  The  test  temperature  was  taken  below  the 
rv'crystalllzation  temperature.  The  alloys  made  with  the 
05? .99-percent  alumlrrim  base  were  tested  at  250®,  and  the 
alloy.';,  made  with  the  99.97-percent  aluminum  base  at  300®. 

The  creep  test  of  the  latter  alloys  was  conducted  at  a 
constant  tension,  equaling  0.67  kg/mm^.  The  alloys  made 
with  the  99.99-peroent  pure  alumln'om  base  were  tested  at 
various  tenaiona  ranging  from  0.2  to  0.6  kg/mm^. 

The  measuring  of  length  was  carried  out  on  a  meastir- 
ing  microscope  accurate  of  0.01  mm,  at  a  relative  measuring 
error  of  0.04  percent.  To  measure  the  length,  the  specimens 
Mere  periodically  unloaded,  taken  from  the  machine,  and 
tranaferred  to  the  microscope  stage. 

The  next  loading  of  the  samples  was  carried  out 
attalnliig  the  required  temperature  in  the  furnace  and 
.hrlding  at  this  temperature  for  1  hour. 

The  temperature  was  measured  with  a  chromel-alumel 
theraocouple,  placed  at  the  middle  of  the  calculated  length 
of  zhe  specimen,  at  a  distance  of  1  mm  from  Its  surface. 

The  constancy  of  the  temperature  during  the  test  was  main¬ 
tained  by  means  of  a  thermocontroller  accurate  to  il®. 
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Flguro  1.  Creep  testiiif 
equlpaent. 

(1  )  Specimen;  (2)  foi'-nace; 
(  5)  load . 


On  the  oasis  of  thooe  .'ueasurement.rj  we  plotted  the  ^ 
'oi  l/i  ary  flow  curves  in  coord  lna,tes  of  clorr'^atlon  time  end 
proceeded  to  their  farther  sfady. 


To<;.+  O, 


O  1 


Figures  2  and  3  pivs  the  characteristic  creep  curves 
for  fo\jr  aluiiilnam  alloys  (99.9Y-percent  purs)  with  rricrnesiat 
and  copper.  The  dotted  line  on  each  graph  shows  the  region 
■where  the  flow  curves  of  the  pure  alu-ninuTi  speciraenc  pass. 

Froia  the  exaralnation  of  the  curves  on  Figure  2a 
I', re  see  that  the  alloy  containlrtg  0.07  percent  aagnesiu.n  _J 
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flows  oonsiderably  faster  than  pure  alualnua.  The  spread 
of  the  flow  curves  is  as  great  as  that  of  aJ.umlnum.  The 
alloy  containing  0.79  percent  nagneslufli  (Figure  2b)  flows 
at  a  slower  rate  than  aluminum »  and  the  spread  of  the  flow 
curves  Is  Insignificant. 

The  alloy  of  aluminum  with  0.09  percent  Cu  flows 
at  a  faster  rate  than  pure  aluminum,  but  that  containing 
2,4  percent  Ou  (Figure  3)  at  a  rate  much  slower  than 
aluminum.  Similar  curves  were  obtained  for  alloys  of 
other  compositions.  For  a  quantitative  comparison  of  the 
creep  of  various  alloys,  mean  elongation  values  were  found 
from  the  flow  curves  for  each  alloy  after  48,  72  and  96 
hours  of  testing. 

Figure  4  gives  a  combined  graph  of  the  mean  elonga¬ 
tion  values  for  all  tested  aluminum  alloys.  The  graph 
shows  clearly  that  the  alloys  differ  sharply  from  each 
other  In  behavior.  The  low-oonoentratlon  alloys  (below  0.5 
percent  Mg  and  0.5  percent  Cu)  have  an  Increased  flow  rate 
as  compared  to  pure  alumin^im•  The  alloy  oontalnlng  0.07 
percent  Mg  has  the  highest  flow  rate.  After  72  hours  of 
testing,  this  alloy  has  elongated  20-fold  In  comparison 
with  aluminum.  From  the  aliualnum- copper  alloys,  the  alloy 
containing  0.09  percent  Cu  has  the  highest  flow  rate.  After 
96  hours  of  testing,  its  elongation  Is  5.5-fold  In  compari¬ 
son  with  that  of  aluminum. 
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P*  At  high- admixture  couoentratloas,  the  flow  rate  oF^ 
ithe  alloys  drops  and  becoaas  lower  than  that  of  pure 
aluminum.  The  ailloj  containing  3.&  percent  Mg  Is  an 
exception.  At  300^  this  alloy  approaches  the  solubility 
limit  of  magnesium  and  altunlnum.  It  is  possible  that  the 
^  solid  solution  of  magnesium  and  aluminum  breaks  up  during  ^ 
flow,  and  this  may  result  In  the  Increase  of  the  flow  rate 
of  the  alloy.  The  observed  strong  variation  in  the  flow 
rate  of  the  alloys  by  alloying  them  with  hundredths  of 
one  percent  of  the  admixture  provides  reason  for  assuming 
that  the  great  spread  of  the  flow  curves  of  pure  aluminum 
is  associated  with  the  small  fluctuations  In  the  degree 
of  purity  in  the  volume  of  the  initial  material. 
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Figure  2h.  Plow  curves  of  aluminum  alloys 
containing  0.79  percent  Mg. 


Aluminum- zinc  alloys  were  tested  for  creep  at  the 
same  stresses. 

The  elongation  values  were  determined  for  all  alloys 
after  a  50-hour  test*.  Figure  5  gives  the  dependence  of 
this  elongation  on  concentration  In  the  zinc  alloy  at  four 
different  stresses.  It  is  obvious  from  this  figure  that 
the  effect  of  the  zinc  addition  somewhat  varies  with  the 
reduction  In  stress. 


♦Oirv©  5  in  Figure  5  is  given  because  the  alloys  containing 
0.08  percent  zinc  failed  at  a  tensile  stress  of  600  g/mm^ 
[before  the  end  of  the  50-hour  test.  _j 
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At  hi,^.her  iitr-e'-.aes ,  the  first  sxall  a  Inc  addition  j 
xerts  a  hs^-rcerilrif;  effect;  the  next  one  rosoftens  the 
'h-O-'t,  A  ,t\;rther  In^rea'^e  in  the  exKnu;t  of  ::inc  on-’e 
Tiln  ;'';.ueeo  the  t "ix'don^ nf  zp,<'  all.O”. 


At  ffiodiu'S  streftees  -the  addition  'nardens  t’-e  xliov. 
j’esoftft'Qly.  :  ef  fect  of  a  aiiiall  adcition  le  aieo  ct!^''-rved , 
'.it  to  a  leegen  degree  thai;  that  at  hlg;>i  sL.regses.  A 
•nd-her  Inci'ease  in  aditlxlure  rasules  in  hardening  the 


nu-'-n  lower  otreaseo  th.e  a.ddltlGn  oxertc  only  .-, 
■fleet,  ro^>we'?eT'j  the  alloy  io  not  i:iar‘c.enel 


•  •'  ,  ;  r.  /  j  ^  (  ■  C  "^  C  t  j  ■  '  ’  4.  t 


'.-.ne  X 


Aw-,  v.'i  . 


■nl^nw  Me  alloy  ruro'tai.tl  sily ,  the  i.::'!:  eooiewhnt  loet  . 

■  :n?oo'i.iehtiy J  there  still  Ifi  a  relative  renof tonlny,  t 
.:rzher  increase  in  the  aaount  cl  the  aotlxtur-/  oliartyvo 
ir?  eroet  of  the  alloy  allgntly,  but  i  to  tendency  to  i?arden 
6u,'l],  noticeable. 


liOiliar  curYot  for  aiumiratn- silver  arid  aiuruia;jj3 
•.—  per  ^iiloyc  are  of  the  saae  nature.  In  the  region  of 
;';;.;.i.  •■' onoentrai Ici’ ?,  we  observe  a  relative  resoftonl  n-:  of 
alloy-  (giguno  6)  > 
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Figure  3.  Flow  curves  of  aluminum  alloys  containing  0.09 
1 percent  Gu  (a)  and  2.4  percent  Cu  (b).  — 1 
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Figure  4«  The  dependence  of  elongation  of 
aluminum  alloys. 

(1)  On  the  concentration  of  magnesium  (after 
72  hours  of  flow); 

(2)  on  the  concentration  of  copper  (after 
9^  hours  of  flow) 
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Figure  5.  The  dependence  of  elongation  of 

aluminum  alloys  on  the  concentra¬ 
tion  of  zinc  after  50  hours  of 

(1)  200  s/asm^;  (2  )  400  g/mm|;  (3)  500  g/mm^. 
(4)  600  g/nun^j  (5)  600  g/aim^  (after  a  30- 
hour  test) 
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Flgu2*e  6.  The  dependence  of  the  eloiigation  of 

aluainiua  alloys  after  50  hours  of  flow 
on  the  concentration  of  sliver  (a)  and 
.  ,  copper  (b)  at  a  stress  of: 

(1)  200  s/iasi|;  (2  )  400  {3)  500  s/mm^; 

(4)  bOO  g/am^ 


55traaH , 

i?  /jp"! 


Elongation,  percent 

Fii^t.i.re  7.  The  dependence  of  the  Glongatlon 
of  aluminu3i«zlnc  alleys  cm  strese 
after  50  hours  of  flow: 

{1)  0.00  percent  of  zinc;  {2)  traces  of  zinc; 

(3/  0.02  percent  Zn;  (4)  O.OS  percent  of  Zn; 

(5)  0-46  percent  Zn;  (6)  0.8T  percent  Zn; 

(7)  l.?<  percent  Zn 


It  follows  from  the  gjfen  curves  that  the  varintior! 
cf  the  mechanical  properties  of  the  alloy  with  the  concen¬ 
tration  of  the  alloying  element  ie  not  monotonous  and  the 
influence  of  small  admixtures  varies  qualitatively  when 
turnlJvE  from  high  stresses  to  low  ones.  The  latter  becortes 
p;).rtlcularly  obvious  if  we  are  to  plot  the  dependence  of 
elor-gstlon  on  stress  for  cne  and  the  eame  Instance  of  time 
(70  hourB)  for  alloys  containing  a  different  amount  of  r-ny 
alloying  element.  Ae  we  see  from  Figure  7»  in  the  region 
cf  high  stresses ,  pure  aluminum  appears  to  be  stronger 
-nan  the  alloy  with  the  addition  of  0»03  percent  2n.  In  the 
region  of  low  atresees,  all  alloys  are,  on  the  contrary, 

■ tronger  than  purs  aluminua.  The  flow  rate  of  the  specl- 
fficns  of  the  original  99.99-percent  pure  alumlnusi  has  an 
extremely  sti'Ong;  spread.  It  is  therefore  difficult  to  give 
a  reliable  eatlmats  of  both  the  hardening  arid  resoftenlng 
fvffeote  of  the-  alloying,  elements. 

The  Inveatigatton  of  Fernuc-C'hroElum-Nlckel  Alloys 

^  study  was  ma.de  on  ferrous  alloys  with  a  constant 
rnnieiit  of  chroasium  .snd  nickel  alloyed  with  various  amounts 
Pi  raolybdenum  and  titanium  (Table  2).  __j 
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O'*!  to  WiSi • 


r.on  content  0,05  to  0^04  percent; 

C'-nt:  .'farii^anese  0.2  to_0.3  percent;  suit 
ttan  O.OS  percent.  [Tr.anslator *  3  note 
u'- c  clear  in  the  original;  it  Is  either  O.OR  or  O.Ct,  1 
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This  figure 


I 


SB 


7 


stress. 


Elongation,  percent 

Figure  8.  The  dependence  of  the 
elongation  of  alloys,  alloyed 
with  molybdenum  on  stress  after 
250  hours  of  flow: 

(1)  Cr20N120;  (2)  Cr20Ni20Mo0.26; 

(3)  Cr20Ni20Mo0.67;  (4)  Cr20W120Mol.25 


Elongat Ion ,  per  cent 

Figure  9,  The  dependence  of  the 
elongation  of  alloys  alloyed  with 
titanium  on  stress  after  250 
hours  of  flow: 

(1)  Cr20N120;  (2)  Cr20N120Ti0.095J 
(3)  Cr20Ki20Ti0.03 

-J 


[  The  testing  of  the  alloy a  was  conducted  on  j 

|T8KTI-2  aachlnea  (Central  Institute  of  Boilers  and  Tur¬ 
bines).  The  specimens  had  a  calculated  len^^th  of  100  nun 
and  a  10  mm  diameter.  The  elongation  was  measured  by 
aieaiis  cf  an  exteneometer  accurate  to  1  micron.  Ail  testa 
were  conducted  at  the  same  temperature  of  70C°,  at  various 
etreaaes. 

^  The  flow  rate  during  the  tests  did  not  exceed 
5*  10“-^  percent  per  hour. 

The  elongation  of  all  tested  alloys  after  250  hours 
of  testing  at  various  stresses  was  determined  from  the 
prl-aary  flow  curves.  Examining  the  curves  given  in  B’igures 
sru  9  we  see  that  the  Cr20N120  (without  an  admixture)  Is 
stronger  at  high  stresses  than  the  alloys  containing  0,26 
porcent  Me  or  0.03  percent  Ti,  but  on  the  contrary,  it  is 
weaker  in  the  regions  of  low  Etresses  than  the  alloys  with 
the  mentioned  admixtures,  which  la  the  same  as  In  the  case 
of  aluminum  alloys.  A  hardening  of  alloys  over  the  entire 
investigated  range  of  stresses  Is  observed  at  a  higher 
.jLmOjfnt  of  alloying  elements.  A  similar  qualitative  varia- 
t'X  jn  In  the  effect  of  small  admixtures  was  revealed  by 
I.  A.  Oclns  fsrram-chromlum-nlckel  adloys  with  addl- 
Licnij  of  titanium  by  changing  from  low  testing  rates  to 

ones;  (^i)  and  fey  varying  the  concentration  of  adaiix- 
tureo  in  steel  (5).  The  hardening  effect  of  small  admixtures 
in  our  tested  ferrua-chromi'na-nlclcel  alloys  in  the  regioi^s 
cf  low  stresses  is  more  clearly  pronounced  than  in  aluminum 
nlioys,  since  the  elongation  mea3urir»g  technique  made  it 
possible  to  study  more  closely  the  region  of  low  flow 
r?,t6  a . 


If  we  plot  the  dependence  cf  the  elongation  of  the 
Cr20Ni20  alloy  on  the  concentration  of  molybdenum  after  a 
2-' 9' hour  test  at  various  stresses,  w©  will  obtain  the 
f urves  given  in  Figure  10. 

Comparing  the  trend  of  the  curves  in  Figure  10  with 
those  for  aluminum  alloys  (Figures  4-6),  we  see  that  the 
nature  of  the  dependence  of  the  elongation  on  concentration 
It,  the  sajce- 


Thia  iikensas  in  the  behavior  cf  the  investigated 
alloys  in  flow  in  various  stress  ranges  permits  us  to 
find  a  single  treatment  of  the  observed  relationships. 
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Figure  10.  The  dependence 
of  elongation  on  the  con¬ 
tent  of  solybdenua  in  the 
Cr20Ni20  alloy  after  250 


hours  of  floy  and  streases. 
{1)  5  ks/mra2;  (2)  4.5  kg/mm^ 


Biacuosion  of  Results 

The  alloying  of  metal  with  admixtures  forming  solid 
solutions  causes  a  strong  variation  in  the  resistance  of 
the  alloy  to  creep.  Raising  the  amount  of  Introducible 
aclmlxturea  will  not  produce  a  monotonous  change  In  tbs 
properties. 


A  maximum  variation  in  these  properties  is  observed 
in  the  region  of  low  stresses.  In  some  cases  this  variation 
iiB  so  substantial  that  the  properties  of  the  metal  are 
found  to  be  changed  in  the  direction  opposite  to  the  effect 
of  the  same  element  at  all  other  concentrations.  The  in- 
couslfatency  of  the  Influence  of  the  amount  of  the  intro- 
lucible  alloying  element  becomes  evident  to  a  varying  extent 
under  various  deformation  conditions;  in  particular,  It  is 
observed  in  the  flow  of  the  alloys  under  the  effect  of 
high  stresses. 

The  observed  phenomenon  Is,  obviously,  associated 
with  the  aonunlfcrTn  distribution  of  the  admixture  and  with 
the  difference  in  the  distribution  of  the  deformation  over 
the  grain  of  the  metal  under  various  conditions  of  strain. 

I _  The  nonuniformity  In  the  distribution  of  the  -J 
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[adrilxtur'e  in  siotaie  1;=  iaavir.abl-?,  sin^e  tb©  nistala  alvraysj 
(have  regions  of  rains  vlth  -i  dial oi't-e'-l  lattice  (grain 
*iariea,  a  lugs,  Individual  distortions  in  tho  grain 


5  'J  ‘S 

V 


Lo  sippearsnso  of  forsign  at.ojii.o  in  tlie  distorted  __ 
of  the  lattice:  aag  lead  to  Itn  partial  correc tlCi. , 
while  the  appearance  of  ti;e  ea®3  ato'ns  la  the  eoand  regions 
of  the  lattice  may  lead  to  its  distortion.  It  le  therefore 
poaslolo  to  or-oduce  both  hardening  and  resoftenlng  of  the 
yj  varying,  the  amount  of  tiie  allov  i  rig  eloment  in  the 
•f  the  reiatlvelj  small  conoer.trat  tens?. 

Tbo  cLofoi:'m;itt  O'l  proceciB  ircegulrrly  in  the  var^o; 
ot  the  'ietal.  The  degree  of  Irreynlari' 


'I- 1  i  O': 


varies  v/it-:  the  cor;.dl t*  cna  of  strain. 


At 


V,  «  -,i- 


r:.ow  rate.i 


the  sail;  share  of  deforaatloji  falio  onto 


:o  volume  or 


At 


gi-atn.  axic;.  the  small  ahare  on  to  Ito  bound ariea, 

1  On'  rates,  the  leading  role  is  played  by  the  local  'iefor- 
mn  :.oa  along  tno  gralt:  bouiiderles .  It  io  thorerore  natu¬ 
re'.  that  under  v.ariouo  strain  conditions  the  ncciurlf oi-m 
Ih.,  ,n  lc.i.ti.cn  of  the  ad;alxr,ure  ia  the  matal  will  show  on 
.tsi  pro  forties  to  ar  unlike  'iogree. 


the  flow  occurs  under  the  effect  of  low  stresses, 
thm.  Intrach-ictlon  of  the  first  small  aisicunts  of  the  admix¬ 
ture  will  cause  a  reduction  in  the  flow  rate.  This  may  ofj 
0 .  1  a t.r: Pd  hy  the  harcieijlng  of  the  grain  boundaries,  which 
L"  c.".:acci4j,ted  with  t.ho  concentration  of  :,ho  admixture  at 
'•'-'v.dJ  ar1.es  (1). 


T.ha  irr8g,uia.r  Influence  of  the  admixture  on  the 
bTVna'rtcr  of  the  alloys  is  oceerved  during  the  flow  under 
ti-e  '-r'icet  of  Irlgh  i,'tresse8.  A  certain  conxent  of  admlx- 
tv:fe  oaupe  o.  strong  Increase  In  the  flow  rate.  Thla 

io,  obv1.ou''<ly ,  associated  with  tics  change  in  the  properties 
or  see  very  grains.  This  Influence  of  admixture  or.  the 
gr'.cin  vo.lume  has  already  been  oboerved  in  the  region  o.f 
relatively  small  concentrations. 
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The  Influence  of  Small  Additions  of  Titanium, 
Molybdenum,  and  Tiingsten  on  the  Mechanical 
Properties  of  Perrum-Chromlum-Nlckel  Alloys 

By  E,  S.  Yakovleva 


This  work  gives  an  account  of  the  results  obtained 
from  the  study  of  the  effect  exerted  by  small  amounts  of 
solid-state  soluble  alloying  elements  on  the  mechanical 
properties  of  ferrum-chromlua-nlckel  alloys  at  elevated 
temperatures.  The  Investigation  was  conducted  by  the  method 
of  measuring  the  short-term  and  prolonged  hardness. 

It  has  been  established  experimentally  that  the 
usual  hardness  (^)  is  associated  with  the  temporary 
lardneas  of  the  material  by  a  simple  relationship  (1). 

But  the  lasting  hardness  is.  In  the  opinion  of  a  num¬ 

ber  of  researchers,  qualltaTlvely  correlated  with  the 
characteristics  of  lasting  toughness  and  creep.  The 
correlation  between  the  lasting  hardness  and  these  ehar- 
30 terl sties  is  mainly  observed  during  accelerated  tests  — 
bat  even  so,  not  on  all  alloys  (2-5). 

We  know  that  the  distribution  of  plastic  deformation 
over  the  grain  volume  is  not  uniform. 

At  high  rates  and  elevated  temperatures  the  deforma¬ 
tion  covers  the  entire  grain  volume,  while  at  low  rates 
it  localizes  to  a  considerable  extent  in  the  narrow  boxind- 
ary  zone  of  the  grains.  Therefore,  if  the  properties  of 
the  volume  and  grain  boundaries  are  not  alike,  the 
accelerated  testing,  which  reflects  the  properties  of  the 
grain  itself,  and  a  slow  testing  reflecting  the  properties 
of  the  grain  boundary  will  yield  strongly  differing  test 
results. 

The  alloying  of  the  alloy  with  an  admixture  will 
cause  a  change  in  the  properties  of  both  the  grains  and 
their  bound€U:*ies.  It  follows  from  the  above  that  hardness 
and  lasting  hardness  cannot  give  a  ocH&prehensive  reflection 
jOf  all  the  variations  taking  place  in  the  metal  during 


jalloylng;  they  must,  however,  reflect  the  variation  In  tbeTj 
[properties  of  the  grain  Itself.  The  latter  fact,  as  well 
as  the  rapidity  with  which  teat  results  on  hardness  were 
obtained,  made  it  possible  In  this  study  to  apply  this 
technique  for  developing  the  influence  of  small  admixtures 

on  the  mechanical  properties  of  the  grains  of  solid  solu-^ _ 

'■'tlona.  The  hardness  measurementB  were  conducted  on  a 
lever-type  Instrument  the  diagram  of  which  Is  given  in 
Figure  1. 

The  specimen  1  la  placed  at  the  end  of  the  travel- 
in,5  rod  2.  The  other  end  of  the  rod  rests  in  a  ball  on  the 
a.v.  of  the  lever  3»  The  carriage  with  loads  4  travels 
over  one  ana  of  the  lever  and  applies  the  load  to  the  speci¬ 
men.  The  other  end  of  the  lever  rests  on  the  indicating 
probe  5  which  gives  the  indentation  depth  of  the  indentor. 
The  Indentor  6  has  the  shape  of  a  cylinder  with  a  pobedit* 
tip  on  one  end.  This  end  of  the  Indentor  comes  in  contact 
with  the  specimen;  the  opposite  end  rests  against  the  lid  7 
of  the  heat  resistant  tube  i^lch  la  rigidly  secured  to  the 
frame.  The  thermocouple  8,  which  measures  the  temperature 
iurlng  the  test,  is  inserted  in  the  tube  through  a  aide 
hole. 


The  initial  pressure*  equal  to  1,07  kg,  is  applied 
bj  the  indentor  to  the  specimen  by  the  spring  of  the  indi¬ 
cator  5  through  the  lever. 

After  setting  the  specimen,  the  heat-treatment  fur¬ 
nace  is  moved  down  over  the  heat  resistant  tube.  The  lower 
end  of  the  heat  resistant  tube  Is  cooled  by  running  water 
in  order  to  protect  the  ball  and  the  lever  from  the  heat. 


♦translator's  noVe;  ”Pobedlt^  Is  the  brand  name  of  a  hard 
alloy  consisting  of  71  to  97%  tungsten  carbide  (Wc),  5  to 
12;^  cobalt,  and  5  to  2^%  titanium,  and  is  equlv^ent  to 
some  of  the  American  grades  of  carbide  metals  used  for 
[tips.  _J 
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Figure  1,  Lever- type  Instruicont 
for  measuring  the  hardness. 

1  —  Specimen;  2  ~  rod  which 
holds  the  specimen;  3  lever; 

4  —  carriage  with  load; 

5  —  indicator  probe;  6  —  indent or; 
7  —  lid  of  heat  resistant  tube; 

S  —  thermocouple;  9  —  furnace 


The  dlaisnsiona  of  the  specimens  were  10  x  iO  x  5  mm 
or  were  the  shape  of  a  S-mm  thick  disk  with  =  10  mm. 

The  surface  where  the  hardness  was  to  be  measured  was 
preliminarily  polished  on  paper  No.  4/0.  Two  specimens 
were  tested  at  each  temperature;  if  there  was  a  consider¬ 
able  spread  between  the  hardness  values,  a  third  specimen 
was  tested  and  the  mean  hardness  value  obtained. 

The  indentor  tip  had  either  the  shape  of  a  small 
ball  with  a  diameter  of  2.5  mm  or  of  a  blunt  cone  with  a 
90^  span  and  a  0.97-®ni  curvature  radius  at  the  apex. 

The  indentor  had  to  bo  given  this  shape,  since  a  sharper 
apex  did  not  hold  out  the  working  loads;  it  failed.  Of 
interest  was  not  the  hardness  itself  but  its  variation 
caused  by  the  effect  of  the  additions;  we  were  therefore 
not  necessarily  Interested  in  the  absolute  hardness  values, 
and  so  wore  able  to  use  an  indentor  of  a  nonstandard 
curvature.  In  order  to  eliminate  distension  and  cracking 
while  operating  at  600  to  800®,  the  pobedit  was  submitted 
to  a  special  chemothermal  treatment. 

The  full-load  magnitude  was  so  selected  that  the 
immersion  depth  would  not  exceed  0.1  [?]  of  the  specimen 
.thiekness,  i.e.,  less  than  0.5  mm  deep.  When  a  ball-type  , 
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indentor  waa  used,  tha  Imiaersion  depth  was  ao  selected  as 
to  have  the  Indentation  diametei’s  within  a  rang©  of  0.? 
to  0.6  d  (d  is  tha  diameter  of  the  small  ball);  that  is  to 
say,  the  condition  of  a  weak  dependence  of  the  haransss  cn 
the  oiagnltiide  of  load  applied  would  be  satisfied.  Thv; 
Kultiplyliijr  factor  of  the  indicator  had  a  0.0031-nvm 
iffiiiiersion  depth.  The  lasting  hardnsas  was  determined  after 
holding  the  specimen  under  a  constant  load  for  6o  minutes. 

•  Test  Results 

Femna-chromlum-nickel  alloys  alloyed  with  moly- 
hdenuai  (Taels  1)  were  te-ited  in  two  states;  hardened 
rx'OF.!  ft  temperature  of  150^  and  then  stabilised  for  one- 
hour  at  900'~‘,  i.e.,  in  aged  state.  The  test  teaperatureu 
were  in  both  oases  the  same;  500,  600,  and  700^. 

Table  1 

The  chemical  compoaltiori  of  ferrum-chromlum-nlckel 
alloys  alloyed  with  molybdonuoi,  percent. 


Cr 

1 

1 

N4 

1  1 
1 

C 

1  ! 

sSJ  j 

Mn 

j 

'  «  1 

!  i  i 

I  ; 

\ 

i 

18,60 

;  i 

[ 

37,20 

0.25 

0,043 

0,16 

\  0,27 

19,83  j 

35,50 

0,6(J 

0,048 

1  0,05 

i  0,22 

19,00 

I  1.30 

0,028 

1  0,26 

!  0,25 

19, 2f) 

35.10  1 

0,00 

0,023 

1  1 

0,18 

0.27 

Figure  2  gives  the  dependence  curves  of  temporary 
hardness  Ho*  lasting  hardness  Kp,  and  the  difference  of 
-o  "  — D  content  of  molybTenum  for  both  the  stabil- 

i.ied  ^d  hardened  states  of  these  alloys.  In  the  stabilised 
alloy,  th©  addition  of  0.25  percent-  Mo  causes  a  substantial 
re-ductlon  of  and  Hp  at  all  testing  temperatui’es. 

The  Aiext  addition  of  molybdeniim,  in  the  amount  cf 
0,6  percent  urx?er  the  same  conditions,  has  an  opposite 
effect  it  hardens  the  alloy.  A  further  raise  of  the 
iiiOlybd-enum  amount  in  the  alloy  causes  some  r-esoftenlng. 

Tho  introduction  of  0.25  percent  Ko  into  the  hardened  alloy 
reduces  the  temporary  hardness  at  all  three  temperatures 
and  the  lasting  hardness  at  two  (500  and  600®)  temperatures. 
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At  700®,  there  is  almost  no  variation  in  the  lasting  hard¬ 
ness  with  the  concentration.  The  difference  Hq  **  IlD 
somewhat  for  both  alloy  states  with  the  introduction  of  the 
first  0.25  percent  addition  of  Mo.  As  we  further  raise  the 
content  of  molybdenum  in  the  alloy,  i.here  is  almost  no 
variation  in  the  difference  Hn.  At  700®  only  the  alloy 
In  a  stabilized  state  shows  a  sm^l  increase  in  creep  with 
an  increase  of  the  molybdenum  content  in  the  alloy. 

Examining  the  hardness  curves  of  the  alloys  we 
arrive  at  the  following  conclusions. 

1,  A  small  addition  of  molybdenum  in  the  amount  of 
:.25  percent  softens  the  alloy,  a  larger  addition  of  0.6 
ieroent  and  more  hardens  it. 

2.  The  influence  of  alloying  with  molybdenum  is 
lore  evident  on  alloys  in  a  stabilized  state.  In  haixiened 
states,  the  process  of  aging  which  takes  place  during  the 
defonoation  hides  the  effect  of  molybden’um.  This  can  be 

particularly  at  high  test  temperatures  (700®). 

Ferrum-chromium-niekel  alloys  alloyed  with  titanium 
Table  2)  were  tested  in  n  hardened  state  at  500,  600,  and 
”00®  temperatures. 


Table  2 

The  chemical  composition  of  ferrum-chromium-nickel  alloys 
alloyed  with  titanium,  percent. 
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Figure  2.  The  dependence  of  hardness  (Hq) 
lasting  hardness  (Hj)) ,  and  the  difference 
Kq  -  Hjj  of  ferrum-cTEromliun-nlckel  alloys 
In  harerened  (b)  states  on  the  content  of 
molybdenum;  the  following  are  the  test 
temperatures : 

1  —  500®; 

2  —  600®; 

3  —  700® 


r 


100 


4 


Figure  3  gives  curves  for  the  dependence  of  tempo-  ' 
rary  hardness  J;{q,  lasting  hardness  Hn*  cuid  the  difference 
lio  "  fio  the  content  of  titanium  In  the  alloy.  We  can 
see  from  these  curves  that  the  sddltlon  of  0.06  percent 
T1  reduces  both  the  temporary  and  the  lasting  hardness 
at  all  test  temperatures. 


Figure  3«  The  dependence  of 
hardness  (Hp),  lasting  hardness 
(^jj) ,  and  the  difference  ilo  “ 
of“a  ferrum-chromium-nlckel  alloy 
In  a  hardened  state  on  the  content 
of  titanium;  teat  temperature: 

1  —  500°;  2  —  600°;  3  —  700°. 


The  next  addition  of  0.3  percent  T1  hardens  the 
alloy  at  500  and  600°  and  slightly  softens  It  at  700°. 

A  further  Increase  in  the  content  of  titanium  up  to  0.57 
percent  hardens  the  alloy  at  all  temperatures. 

The  difference  Hq  -  2d  at  500  and  600®  Is  very  sm&ll 
‘.n  all  tested  alloys.  ~  “ 
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At  700^  the  flow  of  the  all 07  Is  acre  evident  and 
haa  approximately  the  sacaa  rate  at  all  oonoentratlonB.  The 
value  of  Ho  and  Hj)  for  the  alley  containing  O.O6  percent 
tltaiiluni,’’at  700^  was  found  to  be  hl,i,her  than  the 
obt,alned  at  500  to  600*^;  this  Is  probably  caused  tj  the 
aiding  process  taking  place  at  this  temperature. 

Consequently,  titanium  influences  the  mechanical 
properties  as  follows: 

1.  A  small  addition  of  0.06  T1  raeoftene 

the  alloy;  all  following  additions  harden  it. 

2»  AilojE  with  titanium  show  almost  no  flow  at 
3C1’  and  600*^  temperatures;  the  flow  observed  at  700®  is 
approximately  the  same  at  all  concentrat Ions  of  titanium. 

A  slmilai*  variation  in  the  affect  of  titanl^ia  and 
molybdenurc  was  revealed  in  testing  these  alloys  for  creep*. 

TabL^ 

Tbs  chemical  composition  of  ferrum-chroiaiuai-nlckel 
alloys  alloyed  with  tungsten,  percent. 
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Ferriim-chromlum-riickel  alloys  alloyed  with  tungsten 
{'I'able  3)  were  tested  In  a  hardened  state  at  550,  700,  and 
750^  temperatures. 


iJ-See  the  article  by  V.  A,  Pavlov,  E.  S.  Yakovleva,  and 
:t,  V.  Yakutovlch  In  this  collection. 
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Figure  4  gives  curves  for  the  dependence  of  tempo- 
ary  hardness  Hq,  lasting  hardness  Hg  and  the  difference 
o  -  Hj)  on  the~content  of  tungsten. 

We  can  see  from  the  curves  that  tungsten  added  In 
small  amounts  somewhat  resoftens  the  alloy;  a  further  In¬ 
crease  In  the  content  of  tungsten  hardens  It, 

The  difference  Hq  -  Hq  varies  little  with  the 
content  of  tungsten;  it  increases  somewhat  when  the  test 
temperature  is  raised. 

Most  probably,  the  trend  of  relaxation  curves  in 
the  temperature  range  650  -  750®  is  directed  by  similar 
effects  of  amall  amounts  of  tungsten;  this  has  been 
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‘ob«orved  by  Kolesnikov,  Moiseyev,  and  Yakutovlch*  in  re¬ 
laxation  tests  of  alloys  of  identical  cosiposltions. 

Conclusions 

1.  The  lasting  hardness  of  ferrum-chromium-nickel 
alloys  alloyed  with  small  amounts  of  molybdenum,  titanium, 
and  tungsten  have  variations  of  an  identical  nature. 

The  first  amj-ill  addition  of  each  of  the  investigated 
elements  reduces  the  hardness  —  reaoftens  the  alloy;  in¬ 
versely,  a  subsequent  Increase  In  the  content  of  admixture 
hardens  it, 

2,  As  had  been  expected,  hardening  effects  of 
small  additions  on  the  grain  boundaries  were  not  observed 
with  this  technique. 
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The  Distribution  of  Deformation  in  the  Grains 
of  Alumintim  and  Aluminum-Zinc  Alloys  at  Creep 

By  E.  S.  Yakovleva 


V.  A.  Pavlov,  E.  S.  Yakovleva,  and  M.  V.  Yakutovlch 
have  shown  in  their  work*  on  a  number  of  alloys  that  the 
introduction  of  small  amounta  of  the  alloying  element  into 
a  solid  solution  will  cause  a  strong  variation  in  Its  flow 
rate;  the  variation  of  the  flow  rate  is  not  monotonous  with 
the  concentration  of  the  Introduclble  admixture. 

This  nonmonotonous  Influence  is  most  cleeirly  evident 
at  high  flow  rates.  In  such  a  case  the  effect  of  small 
concentrations  of  the  alloying  element  often  has  a  sign 
opposite  to  the  effect  of  the  same  element  at  all  other  con¬ 
centrations. 

The  authors  associate  this  alloying  Influence  with 
the  fact  that  various  grain  regions  change  their  share  of 
participation  in  the  deformation  process  as  a  result  of  the 
nonuniform  distribution  of  the  Introduclble  element  In  the 
grain  of  the  metal. 

Our  Investigations  were  the  first  attempt  at  experi¬ 
mental  detection  of  the  variation  In  the  distribution  of 
ceformation  over  the  grain  of  the  metal  by  alloying  it  with 
small  admixtures  soluble  in  the  solid  solution.  We  selected 
aluminum  as  the  test  metal  and  zinc  as  the  alloying  element. 

We  had  previously  studied  in  detail  the  creep  of 
altimlnujn-zlnc  alloys  In  a  wide  range  of  concentrations  of 
the  solid  solution  (from  0,02  to  1.7  percent  Zn),  The 
investigation  showed  that  alloying  of  aluminum  with  zinc  in 
an  amount  of  0.02  percent  hardens  the  alloy  at  all  tested 
flow  rates.  However,  introducing  zinc  in  the  amount  of  0.08 


*See  their  article  in  this  collection 
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percent  markedly  reaoftens  It  at  high  flow  rates  and  causel 
a  relatire  resoftenlng  of  the  alloy  at  medium  flow  rates. 

And  80  the  present  work  takes  as  its  object  of  study 
aluminum  99.99  percent  pure  and  both  alloys  Indicated.  It 
is  known  that  deformation  in  the  grain  of  the  metal  la  not 
uniform.  Slippage  traces,  twinning,  plasticity,  and  dis¬ 
placements  along  the  grain  boundaries  are  the  localization 
sites  of  deformation.  Both  the  nature  and  degree  of  lo- 
-calization  of  deformation  of  the  metal  vary  with  the  varla-  ■ 
tion  in  the  conditions  of  strain.  Thus,  for  instance, 
clearly  pronounced  rectilinear  slippage  ti aces  lose  their 
rectlllnearlty  and  denseness  with  the  Increase  In  tempera¬ 
ture  and  reduction  in  deformation  rate.  At  sufficiently 
high  temperatures  and  low  flow  rates,  the  slippage  traces 
disappear  altogether,  but  then  the  displacement  over  the 
grain  boundaries  becomes  clearly  pronounced  (1). 

Ve  have  studied  the  distribution  of  deformation  in 
the  Indicated  materials  after  their  flow  at  250^  at  rates 
of  lO"!  to  10“ 3  percent  per  hour. 

The  origination  of  local  deformation  in  the  metal 
grains  is  accompanied  by  clearly  pronounced  fractures 
appearing  on  the  bright  surface  of  the  metal.  We  can 
therefore  judge  to  some  extent  the  nature  of  distribution 
of  deformation  In  the  grain  of  the  metal  by  the  surface 
contotir  of  the  specimen.  It  is  difficult  to  trace  the 
details  of  the  distribution  of  deformation  by  a  simple 
microscopic  observation  of  the  surface  of  the  deformed 
specimen.  A  closer  study  of  the  distribution  pattern  of 
the  deformation  in  the  grain  can  be  made  by  using  the  Inter¬ 
ference  method.  This  method  was  repeatedly  employed  to 
study  the  surface  of  deformed  specimens.  It  makes  it 
possible  tc  give  a  qualitative  as  well  as  a  quantitative 
evaluation  of  the  distribution  of  deformation  in  the 
grain  (2,  4). 


L 
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Figure  1.  Flow  curves  of  aluminuxa  and 
the  two  of  its  alloys  with  zinc  at 

stresses j  ,  ^  « 

1  —  500  g/mmS;  2  —  400  g/min^; 

3  ..  200  g/arn^  (a  —  aluminum  without 
zinc;  b  — -  0.02  percent  Zn; 
c  —  0.08  percent  Zn). 


We  used  for  this  study  the  Llnnlk  Interferometer, 
type  IZK-2,  with  a  150X  magnification.  The  observations 
were  oond«et»J  In  white  light.  On  the  ““deform^  surface 
Of  the  specimen  the  Interference  lines  (fringes)  h^  the 
appearance  of  a  pack  of  parallel  straight  lines,  pe 
direction  of  the  strips  and  the  distance  between  them 
varied  with  the  appearance  of  some  roughness  ^ 

face  of  the  specimen.  The  formation  of  a  stoplike  surface 
produced  a  sharp  displacement  of  the  strips  (fringes). 
Following  further  the  course  of  the  fringes  Into  the 
grains  of  the  deformed  metals,  we  have  attempted  to  get 
an  Idea  of  the  nonuniformity  In  the  distribution  of  de¬ 
formation  In  them. 

The  tested  specimens  had  the  shape  of  strips  mea¬ 
suring  50  X  2  X  1  mm.  Prior  to  deformation,  one  wide 
side  of  the  specimen  was  polslhed,  Ml  afterwaMs  the 
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Lpur--'  .".  Trie  surface  of  alnenlnuin  tested  at  a  et 
r  200  and  at  the  following  elonpat  ior:a ; 

0.^--;  reroent; 

—  1.41  rercent;  c  --  i.?7  oercen* 


i.'i.'ruro  3*  The  surface  of 
al-.'.rjir.u'r.  teeted  -it  e  stress  of 
:00  and  a  pex'cent 

elon.;-^,t  ion. 


Firure  4.  The  surf-ice  of  the 
r.l  1  null  -  z  i  n  c  alloy,  c  o  n  t  a  In  ^  n-' 
0.05  percent  Zn,  testea  at  a 
stress  of  500  rz/nim?-  at  varloos 
e  1  on.;.'  at  i  on  phases: 
a  —  0.39  percent; 

0  —  1.07  percent; 
c  —  1.74  percent. 


Fl,f,ure  5.  The  surface  of 
the  alum inuD)- zinc  alloy, 
containing  0.0?  percent  Zn, 
tested  at  a  stress  of  400 

n/arri^. 
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^  1.  Undfjr  these  conditions,  the  deformation  is 

Kcoo^apanled  by  the  development  of  the  grain  boundaries, 
which  appear  In  the  form  of  thin  black  lines  on  the  polish¬ 
ed  surface  of  the  specimen.  The  interference  lines  (fringes) 
become  displaced  parallel  to  each  ether.  The  displacement 
incre.-^aes  witii  the  extent  of  deformation.  Consequently, 
nt  the  grain  boundaries,  the  grains  become  displaced  with 
respect  to  each  other.  Besides,  at  a  high  degree  of  de- 
-rormation  the  interference  lines  change  their  direction  as  - 
they  cross  the  grain  boundaries.  This  means  that  the  grains 
roL  only  undergo  displacement  but  also  reciprocal  rotation. 

h,  '.I’lthin  the  grains,  at  low  deformations  the 
ir.t ei-furence  lines  continue  as  a  parallel  packj  that  la, 
if  th3  rtafomcatlon  does  occur  in  the  grain,  It  occurs  quite 
uniformly.  .4?  the  deformation  increases,  both  the  distance 
between  the  stripe  and  thslr  direction  In  the  various- 
groin  regions  become  different.  This  indicates  that  the 
d^f oivnat Ion  in  the  grain  volume  occurs  unevenly. 

In  tests  conducted  at  much  higher  stresses  (400  ond 
510  g/rnm^),  the  specimens  had  considerably  higher  flow 
rates  (on  the  order  of  10**2  and  10"^  percent  per  hour);  the 
initial  elongation  phases  were  therefore  not  studied.  The 
surface  observation  of  the  specimen  began  with  a  5,4  per¬ 
cent  0  a.  ong  at  i  on  (Figure  3 ) » 

We  see  from  these  figures  that  the  contour  of  the 
surface  Is  here  considerably  rougher  than  In  the  specimens 
deformed  at  a  lower  rate.  It  is  possible  that  this  is 
caused  by  the  high  degree  of  deformation.  However,  the 
nature  ol  the  distribution  of  deformation  is  still  the  same 
as  before.  We  can  see  along  the  grain  boundaries  the  reci¬ 
procal  displacement  and  turn  of  the  grains;  within  the 
grain,  the  deformation  Is  distributed  unevenly.  At  even 
yrescor  deformations,  the  surface  contour  becomes  so  rough 
55;, it  Its  study  by  means  of  the  interference  lines  becomes 
impossible. 

Figure  4abc  photographs  of  the  surface  of  the 

alur.inum-slnc  alloy  specimens,  containing  C.02  percent  Zn, 
at  '/ar.'oas  elongation  phases  and  at  a  stress  of  200  g/mra^, 
‘"'iB  alloy  had  a  somewhat  slower  flow  rate  (by  30  percent) 
th  in  that  of  pure  alumlniun.  We  see  from  the  figures  that 
alloy  (like  aluminum)  had  a  local  deformation  along 
the  boundaries  and  a  reciprocal  turn  of  the  grains.  As  for 
the  deforraation  inside  the  grains,  we  can  say  that  If  it 
dees  occur,  It  is  quite  uniform  over  the  volume.  At  any  J 
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^ate,  It  l3  more  uniform  than  In  aluminum  (aee  Figures  ' 
2o  and  4c ) . 

The  same  can  also  be  said  about  the  specimens  of 
this  alloy  (Figure  5)  elongated  under  the  effect  of  much 
higher  stresses  (400  and  500  g/rnm^).  True,  the  distribu¬ 
tion  of  deformation  In  the  grain  is  nonuniform,  but  It 
still  In  less  than  that  in  pure  aluminum  (aee  Figures  3 
-  and  5 ) . 

A  teat  was  run  on  two  specimens  of  an  alloy  contain¬ 
ing  0.05  percent  2n.  Their  flow  rates  were  close  to  those 
of  pure  aluminum.  The  distribution  pattern  of  deformation 
in  the  grain  differed  somewhat  from  those  observed  in  the 
earlier  tested  materials.  Figure  6abtt  gives  a  specimen  in 
which  the  difference  was  more  sharply  pronounced. 

In  the  initial  deformation  stages  the  outlines  of 
the  grain  boundaries  were  very  weak  (Figure  6a).  As  the 
deformation  rose,  the  deformation  along  the  grain  boundaries 
increased  but  remained  leas  than  that  in  aluminum  and  in 
the  alloy  containing  0.02  percent  Zn  (aee  Figures  2c  and 
6c).  There  was  a  reciprocal  turn  of  the  grains  near  the 
boundaries  but  the  turning  angle  varied  In  different  regions 
of  the  grain.  The  interference  line  Inside  the  grains  were 
highly  distorted  (not  less  than  those  on  the  grain  bound¬ 
aries).  iU.1  this  Indicates  that  the  grain  undexvent  a  sub¬ 
stantial  deformation,  unevenly  distributed  over  the  volume. 

This  alloy  was  also  tested  at  a  much  higher  stress, 
equal  to  400  g/ami2.  Its  flow  rate  under  these  conditions 
was  higher  than  that  in  aluminum  and  in  the  alloy  with 
0.02  percent  Zn.  The  study  of  its  surface  was  conducted 
only  at  small  deformations.  Besides,  the  grain  of  the 
tested  specimens  was  very  uneven  in  size.  These  circum¬ 
stances  matle  it  impossible  to  draw  definite  conclusions 
on  the  nature  of  distribution  of  deformation  in  the  grain 
of  the  alloy  at  a  higher  flow  rate. 

It  is  obvious  from  the  foregoing  that  we  have  made 
the  most  thorough  study  of  the  distribution  of  deformation 
in  the  grain  of  the  metal  during  its  flow  under  a  200 
g/irm^  load.  The  results  of  this  Investigation  amount, 
briefly,  to  the  following. 

The  grains  of  aluminum  at  a  flow  rate  of  the  order 
of  10'’3  percent  per  hour  deform  unevenly.  A  local  plastic 
deformation  occurs  at  the  grain  boundaries  increasing  withj 
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*“  The  alloy  containing  0.08  percent  Zn  flows  faster 

than  that  containing  0.02  percent  Zn.  Its  flow  rate  Is 
close  to  the  flow  rate  of  alumlniun.  Thus,  this  alloy  Is 
found  to  be  resoftened  In  comparison  with  that  containing 
0.02  percent  Zn.  This  behavior  of  the  alloy  Is  accompanied 
by  a  change  in  the  distribution  pattern  of  defomatlon  In 
the  grain  of  the  metal.  The  local  deformation  along  the 
grain  boundaries  Is  considerably  lower,  whereas  the  non- 
-unlformlty  In  the  distribution  of  defonnatlon  In  the  grain  - 
Is  higher  than  In  the  alloy  containing  0.02  percent  Zn  and 
In  that  of  aluminum.  Consequently,  the  increase  In  the 
flow  rate  occurs  at  the  expense  of  the  higher  deformation 
of  the  grain  volume.  The  boundaries  remain  hardened  and, 
most  probably,  to  a  higher  extent  than  In  the  alloy  con¬ 
taining  0.02  percent  Zn. 


Conclusions 

A  relationship  has  been  established  between  the 
variation  in  the  properties  of  aluminum  caused  by  Its  alloy 
with  zinc  and  the  distribution  of  deformation  In  the  grain 
of  the  alloy.  The  observed  dependence  makes  It  possible 
to  draw  certain  conclusions  on  the  nature  of  the  variation 
in  the  properties  of  the  grain  of  aluminum  by  alloying 
it  with  zinc. 

1.  The  first  small  addition  of  Zn  (0.02  percent) 
causes  a  reduction  In  the  flow  rate  without  a  noticeable 
change  In  the  extent  of  localization  of  deformation  along 
tliQ  grain  boundaries.  Since  we  know  that,  at  low  flow 
rates  (on  the  order  of  10"3  percent  per  hour),  a  substantial 
share  of  defonnatlon  la  localized  along  the  grain  bound¬ 
aries,  the  observed  reduction  In  the  flow  rate  may  be 
mainly  caused  by  the  zinc,  which  hardens  the  grain  bound¬ 
aries. 


2.  The  next  addition  of  zinc  (0,08  percent)  causes 
an  increase  In  flow  rate  accompanied  by  a  reduction  In  the 
extent  of  localization  at  the  grain  boundaries  and  by  an 
Increase  In  the  nonuniformity  of  deformation  Inside  the 
grain.  This  nature  of  variation  In  the  distribution  of 
deformation  with  a  simultaneous  increase  In  the  flow  rate 
of  the  alloy  Indicates  the  hardening  process  which  takes 
place  In  the  volume  of  the  grain. 
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The  Set-Up  for  Testing  the  Relaxation  of  Stresses 

at  Elongation 

By  V.  S.  Averklyev,  G.  N.  Kolesnikov,  A.  I.  Moiseyev, 

and  M.  V.  Yakut ovlch 

I.  General  Requirements  for  Testing  the  Relaxation 

of  Stresses 

In  order  to  make  an  experimental  study  of  net  relaxa¬ 
tion  we  must  be  able  to: 

(1)  preset,  and  maintain,  a  certain  definite  defor¬ 
mation  of  the  specimen; 

(2)  observe  and  record  the  variation  In  the  force 
acta  upon  the  specimen; 

(3)  maintain  to  a  certain  accuracy  the  temperature 
assigned  for  the  specimen. 

The  relaxation  of  stresses  can  generally  be  observed 
below  the  elasticity  limit  as  well  as  above  It,  It  Is  more 
difficult  to  maintain  the  constancy  In  the  length  of  the 
specimen  In  the  region  of  elastic  deformations  on  account  of 
their  small  size  (on  the  order  of  0,01  to  0,1  percent). 
Assuming  that  the  permissible  measurement  error  In  the 
elastic  region  Is  1  percent.  It  will  thus  follow  that  we 
must  maintain  the  deformation  to  an  accuracy  of  0.0001  to 
0.001  percent,  and  maintain  the  temperature  ranges  of  the 
specimen  such  that  the  variation  In  Its  dimensions  caused 
by  thermal  expansion  remains  within  the  permissible  varia¬ 
tion  limits  of  the  specimen  dimensions.  Consequently,  the 
temperature  of  the  specimen  must  be  maintained  accurate  to 

U  ,  X  -  X  u  . 

The  set-up  for  tests  on  relaxation  of  stresses  must 
Include  the  following  basic  elements: 

(1)  a  loading  system  which  provides  the  necessary 
deformation  (Initial  stress  acting  upon  the  specimen); 

(2)  a  system  providing  the  maintenance  of  the  assigned 
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deformation  of  the  specimen  during  the  experiment; 

(3)  a  system  which  permits  the  measuring  (either 
directly  or  Indirectly)  of  the  variation  In  the  load  acting 
upon  the  specimen  (automatic  registration  of  the  variation 
In  load  la  desirable  In  due  course); 

(4)  systems  which  produce  and  maintain  the  tempera¬ 
ture  at  the  preset  regime  during  the  experiment. 

Naturally,  In  an  actual  set-up  for  teats  on  relaxation 
stresses,  Individual  structural  parts  and  assemblies  may  be 
components  of  other  systems.  Thus,  for  Instance,  the  spring 
may  be  used  simultaneously  as  a  part  of  the  loading  and 
measuring  systems  as  well  as  of  the  system  providing  the 
maintenance  of  the  preset  deformation. 

The  above  classification  of  elements  covers  various 
set-up  designs  for  tests  on  relaxation  of  stresses.  For 
instance,  in  the  widely  used  tests  of  the  relaxation  of 
stresses  In  the  ring  of  equal  resistance  to  bend  (I.  A. 

Odlng  (1,  2)),  the  wedge  acts  as  the  loading  system  as  well 
as  the  system  which  maintains  the  preset  deformation.  The 
measuring  microscope  la  a  system  enabling  the  Indirect 
measurement  of  stresses.  Finally,  the  tubular  furnace  serves 
as  a  system  which  presets  and  maintains  the  temperature. 

Our  further  report  will  deal  only  with  the  method  of 
testing  relaxation  of  stresses  at  elongation. 

II.  A  General  Study  on  the  Performance  of  the 
Individual  Elements  of  the  Set-Up  for  Tests 
on  Relaxation  of  Stresses 

A  rational  system  of  the  individual  elements  of  the 
set-up  can  be  selected  after  a  detailed  study  on  the  per¬ 
formance  of  these  elements*. 

1.  Loading  system 

The  loading  of  the  specimen  can  be  accomplished  by 
various  methods:  such  as  a  spring,  a  traveling  load,  a 
variable  load,  a  hydraulic  press,  etc.  The  basic  condition 


*Some  useful  recommendations  can  be  found  In  the  study  by 
Shevenar  ( 3 ) . 
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for  conducting  the  test  on  relaxation  of  stresses  Is  main¬ 
taining  constant  deformation  of  the  specimen  after  Its  load¬ 
ing  to  a  certain  Initial  stress  ^q.  In  the  process  of 
tasting,  the  load  acting  upon  the  specimen  must  be  reduced 
In  due  course.  It  Is  desirable  to  simultaneously  utilize 
the  loading  system  for  measuring  the  variation  In  the 
magnitude  of  the  load  In  the  process  of  testing.  At  this 
point  the  system  Is  presented  with  a  number  of  additional 
requirements;  In  particular.  It  must  be  connected  with  a 
mechanism  controlling  the  variation  In  the  deformation  of 
the  specimen  and  directing  the  variation  In  the  load  acting 
upon  the  specimen. 

In  designing  the  loading  system,  the  following  general 
requirements  must  be  met i 

(1)  the  functional  diagram  must  be  very  simple; 

(2)  the  system  under  prolonged  operation  must  be 
reliable; 

(3)  the  variation  In  load  magnitude  must  be  smooth 
(not  jumplike) ; 

(4)  the  readings  In  the  load-measuring  instrioment 
must  be  sufficiently  accurate  and  sensitive; 

(5)  the  variation  range  for  the  stresses  and  defor¬ 
mations  assigned  for  the  specimen  must  be  sufficiently  wide; 

(6)  there  must  be  freedom  of  operation  of  the  com¬ 
ponents  of  the  system  with  respect  to  the  temperature  and 
properties  of  the  tested  material; 

(7)  the  highest  unloading  rates  must  be  attained; 

(8)  there  must  be  a  simply  functioning  connection 
between  the  shlftlr.g  of  any  loading  point  and  the  load 

(a  linear  or  close-to-llnear  connection  Is  desirable). 

This  conrectlcri  must  be  Independent  of  the  properties  of 
the  specimen  the  material  of  the  loading  system  as  well 
as  of  the  room  and  specimen  temperatures. 

These  conditions  are  more  than  anything  else  mot  by 
the  application  of  the  traveling  load  or  the  spring.  The 
hydraulic  loading  method  which  Is  widely  used  in  the 
machines  that  tost  static  elongation  is  not  suitable  for 
this  purpose  because  of  Its  unreliability  under  the 
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conditions  of  prolonged  operation  (4),  the  Jerky  nature  of 
the  variation  in  loading  (4),  and  the  difficulty  of  carrying 
out  the  loading  at  high  rates  under  the  conditions  of  the 
teat  on  relaxation  of  stresses. 

The  traveling-load  loading  system 

The  system  with  the  traveling  load  moving  along  one 
of  the  levers  of  the  loading  system  is  of  special  interest 
for  measuring  the  stresses;  in  principle,  it  can  provide 
high  loading  rates  extremely  necessary  in  the  initial  period 
of  relaxation.  The  deficiency  of  the  system,  however,  is 
that  it  cannot  be  used  as  an  unloading  system. 

In  loading  with  a  traveling  load,  its  mass  (conse¬ 
quently,  also  the  motor  capacity,  which  moves  the  load) 
will  depend  on  the  preset  maximum  load  of  the  specimen  and 
on  the  gear  ratio  of  the  lever  system.  If  the  maximum  load 
is  preset,  the  reduction  in  the  weight  of  the  traveling 
load  will  increase  the  gear  ratio  of  the  lever  system;  this 
is  advantageous  in  the  sense  of  reducing  the  weight  of  the 
traveling  load  and  facilitating  its  travel,  but  it  is  not 
advantageous  in  this  sense:  that  it  increases  the  angle 
of  inclination  of  the  lever  with  the  load.  In  fact,  if 
one  end  of  the  specimen  is  secured,  and  the  effect  of  the 
load,  which  travels  over  one  of  the  levers  of  the  system, 
is  transmitted  to  the  other  end  of  the  specimen,  then  the 
lever  with  the  load  must  inevitably  assume  an  inclined 
position  in  the  process  of  loading,  as  a  result  of  the 
variation  in  the  length  of  the  specimen;  this  position  will 
remain  constant  in  the  procedure  of  the  test  itself. 

liHien  the  machine  is  operated  in  the  elastic  defor¬ 
mation  regions  of  the  tested  material  the  inclination 
angles  of  the  lever  with  the  load  will  not  be  too  great; 
however,  in  the  plastic  deformation  regions  of  the  speci¬ 
men,  these  a'lgles  will  be  great  (Table  1), 
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Table  1 


The  angle  of  inclination  of  the  lever  measuring  300  mm 
with  the  load  at  various  deformations  of  100-mm  long 

specimens  (in  degrees) 


At  an  elastic 

At  a  plastic 

The  arm  ratio 

deformation  of 

deformation  of 

of  the  levers 

the  specimen. 

the  specimen. 

1 

equal  to  0.1^ 

equal  to  2% 

1  :  100 

2 

42 

1  :  1000 

1  20 

>90 

The  quantity  >90®  Indicates  that  it  is  impossible  to 
assign  for  the  spocimen  a  deformation  equal  to  2  percent 
at  the  given  correlations  between  the  parameters. 

This  rough  calculation  is  mado  under  the  assumption 
that  the  specimen  is  100  mm  long  and  the  length  of  the 
load  carrying  arm  of  the  lever  is  30  cm  (for  structural  rea¬ 
sons,  the  use  of  long  arms  is  inexpedient). 

It  follows  from  the  above  discussions  that  a 
travel Ing-load  loading  system  (having  one  end  of  tho  speci¬ 
men  hinged)  will  not  allow  the  presetting  of  a  high  defor¬ 
mation  in  the  plasticity  region  of  the  specimen.  Conse¬ 
quently,  this  system  is  useless  for  operating  in  the  region 
of  high  initial  deformations. 

However,  in  tho  case  of  small  defomations  the 
traveling-load  design  can  bo  used  simultaneously  for  both 
loading  and  measuring  the  variation  in  the  load  in  the 
process  of  testing.  In  the  case  of  high  deformations,  this 
design  can  be  used  only  as  an  element  of  a  system  which 
measures  tho  load  and  maintains  constant  deformation;  in 
this  case  the  initial  loading  of  the  specimen  requires  an 
Independent  mechanism. 

Loading  system  with  a  spring 

Loading  by  means  of  a  spring  is  simple  in  principle 
but  causes  great  difficulties  if  relatively  high  rates  of 
loading  and  unloading  are  needed.  (In  particular,  an 
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Increase  In  rate  requires  an  Increase  in  motor  capacity, 
stronsly  complicates  the  commutation  of  electrical  circuits, 
etc. ) 


The  variation  in  the  elastic  properties  of  springs, 
usually  occurring  in  time,  can  bo  reduced  by  a  preliminary 
aging  of  the  spring  material. 

The  variation  in  the  stiffness  of  the  springs  under 
the  influence  of  the  variation  in  the  room  temperature  by 
10*^  C  is  relatively  small  --  on  the  order  of  several  decimal 
fractions  of  one  percent. 

The  great  advantage  of  a  loading  system  with  a  spring 
is  the  possibility  of  using  it  simultaneously  for  both 
measuring  the  load  and  maintaining  the  preset  deformation 
constant. 

Wo  will  henceforth  discuss  only  this  system  and  for 
convenience  will  use  the  term  "loading  system"  without  each 
time  emphasizing  its  dual  designation. 

Selecting  the  dimensions  of  the  specimen 

The  determination  of  the  dimensions  of  the  specimen 
is  the  starting  point  in  the  construction  of  the  testing 
machine;  all  things  considered,  the  fundamental  data  of  the 
machine  such  as  the  overall  size,  etc.,  depend  on  those 
dimensions.  In  selecting  the  specimen  dimensions  we  must 
proceed  from  the  most  favorable  combination  of  several  con¬ 
ditions.  On  the  one  hand,  it  is  desirable  that  the  length 
and  the  diameter  of  the  specimen  be  large.  The  longer  the 
the  specimen,  the  easier  it  is  to  maintain  constant  defor¬ 
mation  to  an  assigned  accuracy.  The  greater  the  cross- 
sectional  dimensions  the  more  crystallites  there  are  per 
cross  section  of  specimen.  Consequently,  there  is  less 
(macroscoplcally )  nonuniformity  of  the  specimen  and  better 
reproducibility  of  test  results. 

On  the  other  hand,  it  is  perhaps  advantageous  to  have 
the  length  and  diameter  of  the  specimen  smaller:  the 
smaller  the  specimen  dimensions,  the  easier  it  is  to  main¬ 
tain  the  assigned  temperature  and  to  adjust  it  according 
to  the  length  of  the  specimen,  the  smaller  the  overall  size 
of  the  furnace  and  the  machine  as  a  whole,  the  simpler  the 
production  technology  of  the  specimens,  the  less  the  con¬ 
sumption  of  material  necessary  for  the  preparation  of  the 
specimens,  etc. 
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The  maximum  load  of  the  machine  depends  on  the  pro¬ 
perties  of  the  material  In  the  strongest  specimen  and  on  Its 
cross-sectional  area.  The  length  of  the  specimen  defines  the 
dimensions  of  the  heat-treatment  furnace,  which,  In  turn, 
determines  the  dimensions  of  the  machine. 

The  bracing  of  the  specimen  can  be  accomplished  by 
three  methods;  namely,  by  the  application  of:  (1)  a  head 
with  a  screw  thread;  (2)  a  head  with  a  flat  bearing  surface; 
and  (3)  a  tapered  head.  The  dimensions  of  the  heads  for  the 
specimens  are  determined  from  the  condition  of  resistance  to 
vmrplng  of  the  bearing  surfaces.  At  one  and  the  same  per¬ 
missible  warping  stress  the  diameter  of  the  flat  head  Is 
twice  as  large  and  the  diameter  of  the  tapered  head  Is  half 
as  much  again  as  the  diameter  of  the  head  with  the  screw 
thread.  The  dimensions  of  the  heads  for  the  tractive  forces 
will  depend  on  the  dimensions  of  the  specimen  heads.  It  is 
not  to  our  advantage  to  Increase  the  diameter  of  the  specimen 
head,  since  this  will  lead  to  the  Increase  In  the  heat 
transfer  by  the  ends  of  the  specimen  and  will  create  condi¬ 
tions  unfavorable  to  Its  heating.  Besides,  a  specimen  with 
a  small  working  diameter  and  a  large  head  diameter  Is  not 
economical  In  preparation. 

Centering  the  specimen 

To  obtain  a  uniaxial  stressed  state  in  the  case  of 
uniaxial  elongation  it  Is  necessary  to  completely  eliminate 
the  appearance  of  bend  caused  In  the  specimen  by  the  appli¬ 
cation  of  the  load. 

The  reduction  In  the  magnitude  of  eccentricity  of 
the  load  Is  usually  accomplished  by  two  methods:  (1)  main¬ 
taining  the  highest  possible  accuracy  In  the  fabrication 
of  the  individual  parts  of  the  system  which  transmits  the 
stress  to  the  specimen;  and  (2)  using  special  devices  for 
centering  the  specimen;  these  devices  come  In  various  types 
(4,  6).  The  Hooke  hinge  and  the  spherical  bearing  are  not 
very  reliable  for  operating  at  elevated  temperatures;  con¬ 
sequently,  they  cannot  be  placed  Into  the  heating  space  of 
the  furnace.  In  case  they  are  used,  they  must  be  situated 
as  close  as  possible  to  the  specimen  heads,  i.e.,  next  to 
the  ends  of  the  furnace. 

Load  reduction  variants 

The  reduction  of  the  load  which  Is  necessary  for  main- 
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talnlng  constant  the  length  of  the  specimen,  can  be  accom¬ 
plished  in  two  variants: 

(1)  alternately  reducing  and  increasing  the  load  on 
the  specimen  within  certain  permissible  limits;  or  (2)  re¬ 
ducing  the  load  in  small  steps. 

The  machine  which  employs  the  first  variant  records 
more  fully  the  behavior  of  the  specimen  during  the  test, 
noting  occasional  variations  in  the  working  temperature  of 
the  specimen  as  well  as  variations  in  the  specimen  dimensions 
which  result  from  the  reduction  of  its  length  (for  instance, 
phase  transformation  which  occurs  with  the  reduction  in 
volume).  However,  with  this  variant  the  operation  of  the 
electric  motor  la  very  difficult. 

The  second  variant  greatly  aids  the  operation  of  the 
electric  motor  but  has  a  substantial  drawback.  If  the 
dimensions  of  the  specimen  decrease,  this  decrease  cannot  be 
recorded  on  the  diagram:  the  diagram  will  have  the  form  of 
a  horizontal  straight  line.  Besides,  when  the  working 
temperature  of  the  specimen  Increases,  the  diagram  will  show 
a  drop,  which  will  not  disappear  even  after  a  normal  tempera¬ 
ture  has  set  in  (consequently,  this  may  be  misinterpreted  as 
a  drop  in  stress). 

These  considerations  speak  in  favor  of  the  first 
variant  for  maintaining  the  length  of  the  specimen. 

Selecting  the  electric  motor 

The  selection  of  the  type  and  capacity  of  the  electric 
motor  depends  on  many  factors:  the  maximum  load,  the  gear 
ratio,  maximum  rates  of  loading  and  unloading,  efficiency 
of  transmission,  magnitudes  of  permissible  overloads  of  the 
motor  in  starting  regime,  duration  of  starting,  adopted 
operating  variant  of  the  machine,  reversal  circuit  and  one- 
directional  duration  circuit  (in  case  of  an  electrical  re¬ 
versal).  In  the  latter  case,  a  motor  with  two  rotors  and 
two  independent  stator  windings  is  preferred. 

Since  the  rates  of  relaxation  during  one  experiment 
vary  within  wide  limits,  it  is  preferred  that  the  motor  be 
equipped  with  a  gear-box  transmission.  It  is  also  desirable 
to  have  a  variable  loading  rate  to  determine  its  influence 
on  the  process  of  stress. 
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2,  The  system  which  maintains  the  preset 
deformation  of  the  specimen 

The  system  which  maintains  the  preset  deformation  of 
the  specimen  is  the  most  important  unit  of  the  relaxation 
machine.  The  following  relatively  independent  parts  may  bo 
singled  out: 

(1)  a  device  which  picks  up  and  increases  the  defor¬ 
mation  of  the  specimen  (ie format ion  amplifier); 

(2)  a  device  which  sends  electrical  pulses  to  a  relay 
system  should  the  dimensions  of  the  specimen  deviate  from 
the  preset  value  (pulse  transmitter  system); 

(3)  a  relay  system  which  controls  the  electric  motor 
of  the  loading  system; 

(4)  loading  system. 

The  set-up  for  measuring  relaxation  stresses  can  be 
considered  as  a  closed  self-oscillating  feedback  system  (3)» 
This  opinion  follows  from  studying  the  above  variant  for 
maintaining  constancy  in  the  deformation  of  the  specimen  by 
means  of  variable  unloading  and  loading.  The  amplitude  of 
self-oscillations  is  half  the  difference  between  the  limits 
within  which  the  length  of  the  specimen  (or  the  load  which 
acts  upon  the  specimen)  varies.  The  lower  these  limits  are, 
the  more  accurately  is  the  length  of  the  specimen  maintained 
and  the  closer  the  conditions  of  testing  are  to  not  relaxa¬ 
tion.  Consequently,  we  must  tend  to  reduce  the  amplitude  of 
self-oscillations . 

It  can  be  expected  that  the  following  factors  will 
influence  the  amplitude  of  self-oscillations: 

(a)  the  rigidity  of  the  components  of  the  deformation 
amplifier; 

(b)  the  sensitivity  of  the  pulse  transmitter  system; 

(c)  resistances  (friction,  "sticking"  of  the  contacts 
in  the  pulse  transmitter)  and  the  inertia  of  the  individual 
components  of  the  deformation  amplifier; 

(d)  operating  time  of  the  pulse  transmitter  system 
and  the  relay  system; 
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(e)  loading  and  unloading  rates; 

(f)  time  necessary  to  establish  the  preset  loading 
(or  unloading)  rate  after  receiving  the  switching  pulse; 

(s)  rigidity  of  the  elements  of  the  loading  system; 

(h)  inertia  of  the  moving  parts  of  the  relaxation 
machine ;  and 

(i)  friction  force  in  the  connections  of  the  loading 

system. 


As  the  rigidity  of  the  elements  of  the  deformation 
amplifier  is  increased,  the  magnitude  of  elastic  deformation 
of  these  elements  necessary  to  create  the  force  sufficient  to 
overcome  the  resistances  and  produce  the  switching  of  the 
contact  which  controls  the  relay  system  decreases.  The  in¬ 
crease  (or  decrease)  of  the  specimen  length  (speaking  in 
approximate  terms)  continues  until  the  contact  is  switched 
over.  It  follows  from  this  that  the  reduction  in  the  elastic 
deformation  of  the  elements  of  the  deformation  amplifier  (and, 
consequently,  the  Increase  in  their  rigidity)  leads  to  the 
reduction  in  the  amplitude  of  self-oscillations. 

The  increase  in  the  sensitivity  of  the  pulse  trans¬ 
mitter  system  will  also  lead  to  a  reduction  in  the  elastic 
deformation  of  the  components  of  the  deformation  amplifier 
and,  consequently,  to  the  reduction  in  the  amplitude  of  self- 
oscillations.  Althou^  the  resistance  in  the  deformation 
amplifier  (friction,  "sticking”  of  the  pulse  transmitter 
contact)  is  small,  it  does,  however,  exert  a  great  influence 
on  the  amplitude  of  oscillations  of  the  length  of  the  speci¬ 
men.  This  is  caused  by  the  fact  that  the  forces  which  the 
individual  parts  of  the  deformation  amplifier  exert  upon  each 
other  are  also  small;  as  for  the  displacement  of  these  parts 
with  respect  to  each  other,  they  are  quite  insignificant. 

It  is  easy  to  see  that  the  decline  in  resistance  in 
the  deformation  amplifier  will  also  lead  to  a  reduction  in 
the  amplitude  of  oscillations  of  the  dimensions  of  the  speci¬ 
men.  The  reduction  in  the  operating  time  of  the  relay  system 
acts  in  the  same  direction. 

Generally  speaking,  the  increase  in  loading  and  un¬ 
loading  rates  results  in  the  increase  of  the  amplitude  of 
self-oscillations.  For  Instance,  this  will  occur  when  the 
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operating  times  of  both  the  pulse  transmitter  and  the  relay 
systems  remain  constant. 

The  other  factors  are  evident  to  a  much  lesser  extent. 
For  instance,  the  time  gap  in  establishing  the  loading  (or 
unloading)  rate  after  switching  has  a  relatively  little 
effect  on  the  magnitude  of  the  amplitude  of  oscillations  In 
the  dimensions  of  the  specimen.  Ve  must,  however,  strive  to 
reduce  this  time  gap  since  Its  reduction  will  lead  to  a 
reduction  of  the  total  time  gap  between  two  successive 
loading  (or  unloading)  phases,  which  will  enable  us  to  record 
more  accurately  the  details  of  the  relaxation  curve. 

As  for  the  other  three  factors  enumerated  above,  their 
role  Is  practically  negligible.  Inasmuch  as  the  rates  of  the 
individual  elements  of  the  loading  system  under  test  condi¬ 
tions  are  low.  These  three  factors,  basically,  Influence  the 
magnitude  of  the  loading  and  unloading  rates. 

It  follows  from  the  above  that  in  order  to  reduce  the 
amplitude  of  self-oscillations  at  a  preset  loading-unloading 
rate,  l.e.,  to  Increase  the  accuracy  of  maintaining  the  de¬ 
formation,  we  must,  on  the  one  hand,  reduce  to  a  minimum 

(1)  the  resistance  In  the  deformation  amplifier  and  (2)  the 
operating  time  of  both  the  pulse  transmitter  and  the  relay 
systems;  and,  on  the  other  hand.  Increase  to  a  maximum  (1)  the 
rigidity  of  the  components  of  the  deformation  amplifier  and 

(2)  the  sensitivity  of  the  pulse  transmitter  system.  In 
other  words,  at  a  preset  loading- unloading  rate  we  must  tend 
to  reduce  the  total  time  gap  between  two  successive  loading 
(unloading)  phases.  However,  reducing  this  time  gap  will 
place  a  burden  upon  the  operating  conditions  of  the  relay 
system  (particularly,  the  relay  contacts)  and  the  electric 
motor,  which,  being  frequently  switched  will  operate  most  of 
the  time  under  starting  regime  conditions. 

Let  us  dwell  at  some  length  on  the  analysis  of  the 
operating  conditions  of  the  individual  elements  of  the  system 
which  maintain  the  constancy  in  the  deformation  of  the 
specimen. 

It  should  be  noted,  first  of  all,  that  the  structure 
of  the  deformation  amplifier  must  warrant  the  pick-up  by  the 
amplifier  of  only  a  deformation  caused  by  the  net  elongation 
of  the  specimen,  excluding,  as  far  as  possible,  that  share  of 
deformation  which  Is  caused  by  the  unavoidable  bending  at  the 
elongation  of  the  specimen. 
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The  task  of  the  deformation  amplifier  is  to  Intercept 
the  small  specimen  deformations;  it  is  therefore  necessary 
that  the  dimensions  of  the  components  of  the  deformation  am¬ 
plifier  vary  as  little  as  possible  during  the  test.  The 
variation  in  the  dimensions  of  the  components  of  the  defor¬ 
mation  amplifier  may  occur  as  a  result  of:  (1)  thermal 
expansion,  caused  by  the  variation  in  the  temperature  of  the 
components;  (2)  their  plastic  deformation;  and  (3)  phase 
transformations  taking  place  in  the  material  of  the  component 
as  the  result  of  the  variation  in  volume. 

Iflth  respect  to  tht  thermal  conditions  of  the  operation, 
all  components  of  the  deformation  amplifier  may  be  classified 
into  two  groups:  (1)  components  operating  in  high- temperature 
regions;  and  (2)  components  operating  at  room  temperature. 

The  influence  of  thermal  expansion  on  the  components 
operating  in  the  high-temperature  region  can  be  reduced  by 
using  materials  with  lower  coefficients  of  linear  expansion 
and  by  Increasing  the  accuracy  in  maintaining  the  temperature 
in  the  furnace.  For  the  components  operating  at  room 
temperature  we  can,  apart  from  using-  material  with  low  co¬ 
efficients  of  linear  expansion,  in  some  cases  also  use 
compensating  systems  with  materials  of  different  coefficients 
of  expansion.  However,  devices  of  the  latter  type  will 
operate  properly  only  at  slow  variationslin  temperature. 

We  can  reduce  the  plastic  deformation  of  the  compo¬ 
nents  by  selecting  an  appropriate  material  as  well  as  by  a 
rational  selection  of  shape  and  cross  section  with  a  view 
to  reducing  the  specific  forces  (stresses).  The  problem  of 
eliminating  phase  transformations  in  the  components  during 
operation  can  be  solved  by  selecting  the  material. 

Provisions  must  be  made  in  the  structure  of  the  de¬ 
formation  amplifier  for  a  simple  and  easy  compensation  for 
the  variation  in  the  length  of  the  specimen,  which  is  caused 
by  the  thermal  expansion  of  the  specimen  during  heating,  its 
deformation  in  the  process  of  loading,  and  errors  made  in 
preparing  it. 

The  pulse  transmitter  system  can  be  accomplished  in 
several  variants,  such  as  electrical  contact  systems  (fixed 
contact,  slide  contact,  and  mercury  contact),  systems  with  a 
capacitor,  systems  with  a  phototube,  etc. 

The  most  Important  factors  in  selecting  a  pulse  trans¬ 
mitter  system  are:  (1)  sensitivity  (the  least  variation  in 
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the  deformation  of  the  apeclmen  which  leads  to  actuation)  of 
the  pulse  transmitter  system;  (2)  simplicity  In  making  this 
system;  (3)  Its  reliable  effect  at  prolonged  operation. 

If  the  accuracy  in  maintaining  the  deformation  of  the 
specimen  Is  preset,  then  by  increasing  the  sensitivity  of  the 
pulse  transmitter  system  we  reduce  the  amount  of  deformation 
to  be  Increased  by  the  amplifier. 

The  simplest  transmitter  system  is  composed  of  cir¬ 
cuits  employing  a  contact.  In  this  case,  the  most  important 
factor  is  the  reduction  In  the  output  of  the  current 
switched  off  (or  switched  In)  by  the  transmitter  contact. 

A  reduction  In  current  Increases  the  reliability  of  opera¬ 
tion  and  sensitivity  of  the  system  and  reduces  the  resis¬ 
tance  ("sticking"  of  contacts)  in  the  Increaser  of  defor¬ 
mations. 

The  diagram  of  the  relay  system,  which  controls  the 
electric  motor,  can  be  fully  specified  after  both  the  pulse 
transmitter  system  and  the  capacity  of  the  motor  have  been 
selected,  and  the  operation  time  of  the  relay  system  la 
assigned. 


3.  The  recording  of  diagrams 

The  diagram  can  be  recorded  by  either  Joined  broken 
lines  or  steps,  depending  on  the  variant  selected  to  main¬ 
tain  the  constancy  of  deformation.  If  the  time  scale  is 
small,  these  broken  lines  will  blend  into  one  continuous 
curve  of  a  definite  width.  This  curve  may  have  zigzags, 
i.e.,  deviations  from  an  even  ("smooth")  course.  The  degree 
of  perfection  of  the  diagram  (line  width,  absence  of  zig¬ 
zags,  etc.)  Is  defined  by;  (1)  the  stiffness  of  the  loading 
spring;  (2)  accuracy  of  maintaining  the  deformation; 

(3)  operating  reliability  of  the  relay  system,  the  deforma¬ 
tion  amplifier  and  the  pulse  transmitter  system;  (4)  the 
degree  of  constancy  in  the  temperature  of  the  specimen;  and 
(5)  the  Influence  of  external  vibrations  on  the  operation 
of  the  pulse  transmitter. 

The  relaxation  diagram  may  be  recorded  by  various 
means,  such  as  photographic  recording,  pencil,  pen,  etc. 

The  simplest  and  most  reliable  means  of  recording  is  either 
a  pencil  or  a  pen  with  Ink.  The  photographic  recording  has 
a  substantial  drawback,  which  is  rooted  in  the  impossibility 
of  observing  the  course  of  the  curve  during  the  test. 
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In  order  to  conduct  the  tests  in  a  wide  rsuige  of 
Initial  loads  It  Is  desirable  to  use  several  scales  In  re¬ 
cording  the  stresses.  Since  the  relaxation  rate  eventually 
drops,  It  Is  also  necessary  to  have  several  scales  In  record¬ 
ing  the  time. 

To  reduce  the  harmful  effect  of  outside  vibrations 
on  the  clearness  of  the  recording,  provisions  must  be  made 
for  a  shock-absorbing  device;  the  Influence  of  vibrations 
must  also  be  talcen  Into  consideration  when  designing  the  in- 
creaser  of  deformations  and  the  pulse  transmitter. 

4.  The  system  which  produces  and  maintains  the  temperature 

The  system  which  produces  and  maintains  the  tempera¬ 
ture  consists  of  two  basic  elements:  (1)  a  temperature- 
producing  device  (furnace);  and  (2)  a  temperature-maintain¬ 
ing  device  (thermocontroller) . 

A  detailed  review  of  heating  devices  has  been  made 
by  A.  M.  Borzdyka  (7);  the  study  produced  the  conclusion 
that  the  best  heater  is  an  electrical-resistance  furnace. 

Particular  attention  must  be  given  to  producing  an 
Identical  temperature  for  the  entire  volume  of  the  specimen, 
since  some  of  the  regions  of  specimens  under  different 
temperature  conditions  will  relax  to  different  degrees. 

The  primary  means  of  obtaining  such  a  distribution  of  temp¬ 
erature  are:  (1)  using  furnaces  which  are  (in  comparison 
v;lth  the  specimen)  several  times  (3  to  4)  longer  than  the 
specimen;  and  (2)  using  a  system  of  unit-type  heating  coils 
with  Individual  controls. 

To  mount  the  specimen  we  must  either  remove  the 
furnace  or  remove  the  specimen  together  with  the  pull  rods 
and  the  elements  of  the  system  which  transmits  the  varia¬ 
tion  In  deformation.  The  first  variant  can  be  accomplished 
only  In  two  cases:  (1)  a  diamountable  furnace;  or  (2)  a 
furnace  which  can  be  moved  along  the  specimen. 

It  Is  more  complicated  to  make  a  diamountable  fur¬ 
nace,  and  It  Is  still  more  difficult  to  ensure  an  identical 
temperature  for  the  entire  volume  of  the  specimen  in  It. 

In  the  case  of  a  furnace  which  moves  along  the  specimen, 
the  height  of  the  machine  must  be  at  least  twice  as  long 
as  the  length  of  the  furnace.  As  for  removing  the  specimen 
from  the  furnace  along  with  the  pull  rods  and  the  elements 
of  the  system  transmitting  the  variation  in  deformation 
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(combined  In  one  unit),  this  variant  la,  In  our  opinion, 
unsuitable,  since  at  this  point  we  reduce  reliability  by 
protecting  the  specimen  from  accidental  bending. 

The  furnace  must  have  a  sufficiently  high  "thermal 
inertia"  with  respect  to  the  specimen  and  as  low  as  possible 
a  "thermal  inertia"  with  respect  to  the  element  of  the 
thcrmoGontroller,  intercepting  the  variation  In  temperature. 

The  thermocontroller  must  have:  (1)  sufficient  sen¬ 
sitivity  to  the  variation  In  temperature;  (2)  simplicity  In 
structure;  and  (3)  reliability  In  continuous  operation. 

The  thermal  control  can  be  accomplished  by  means  of 
systems  composed  of  a  dllatometer,  bolometer,  thermocouple, 
etc.  Dllatometric  thermocontrollors  are  the  simplest  In 
design.  The  use  of  a  bolometer  and  other  temperature  varia¬ 
tion  Indicators  requires  more  complex  circuits. 

5.  Electrical  system 

In  regard  to  the  electrical  system  of  the  entire  set¬ 
up  as  a  vrhole.  It  should  bo  noted  that  In  connection  with 
the  long  duration  of  the  test  on  relaxation  and  the  relative 
complexity  of  the  aggregates  included  In  the  set-up.  It  Is 
desirable  to  automatize  the  operating  process  of  tho  machine 
as  much  as  possible  and  ensure  the  electrical  protection 
of  the  Individual  units  of  the  sot-up  as  well  as  the  warning 
of  inadmissible  deviations  from  the  normal  operating  regime, 

III.  The  Description  of  the  Machine  Used  In  Tests 

on  Relaxation  of  Stresses 

Let  us  examine  briefly  the  operating  diagram  of  the 
machine  for  testing  the  relaxation  of  stresses  (Figure  1). 


Figure  1.  The  diagram  of  the  relaxation 
machine . 

I  ~  Specimen  to  be  tested;  2  —  upper  pull  rod 
3  —  lower  pull  rod;  4  —  load  lever; 

5  —  load  spring;  6  — •  transmission  system; 

7  —  electric  motor;  8  —  quartz  rod; 

9  —  quartz  arch;  10  —  the  upper  lever  of 
the  increaser  of  deformations; 

II  —  the  lower  lever  of  the  increaser  of 
deformations;  12  —  the  lower  lever  of  the 
deformation  amplifier;  13  —  bracket; 

14  —  diagram  recording  cylinder; 

15  —  Warren  motor;  16  —  pencil. 


»  The  electric  motor  7  extends  eprlng  5  through  ’ 

the  tranamiSBlon  eystem  6,  The  etrese  created  in  stretch¬ 
ing  spring  5  is  transmitted  by  lever  4  to  the  specimen  1 
through  pull  rod  2.  The  specimen  is  secured  by  its  ends 
to  the  pull  rods  2  and  3*  The  variation  In  the  length  of 
the  specimen  1  is  transmitted  by  tne  quartz  rods  8  and  9 
to  levers  10  and  11,  The  quartz  rod  8  which  runs  inside 
the  lower  pull  rod  3  rests  with  Ite  upper  end  against  the 
.  tapered  hollow  in  the  lower  end  of  the  specimen »  and  with  - 
its  lower  end  in  the  oounterbore  of  lever  10.  The  quartz 
rod  9  has  hoolrs  at  both  ends.  The  upper  hook  of  the  rod 
9  enters  the  tapered  hollow  of  the  upper  end  of  the  epecl- 
n.en.  The  lower  hook  of  rod  9  supports  the  short  arm  of 
3.0 ’/er  11, 

Aj  the  length  of  specimen  1  changes »  quartz  rod  9 
tarns  lever  11  in  one  or  the  other  direction;  this  will 
either  lock  or  unlock  electrical  contact  12  situated  on 
the  long  arm  of  lever  11. 

Contact  12  controls  the  relay  system  (circuit) 
connected  with  the  electric  motor  ?•  As  the  length  of 
specimen  1  increases,  contact  12  locks,  and  the  electric 
motoz'  unoads  the  spring;  as  a  result,  the  load  which  acts 
upon  the  specimen  and,  consequently,  the  length  of  the 
apeciiaen  decrease.  As  the  length  of  the  specimen  decreases, 
the  contact  12  rises  and  unlocks  the  circuit  of  the  relay 
system.  The  electric  motor  loads  the  spring;  the  load 
which  acts  upon  the  specimen  and,  consequently,  the  speol- 
Een  length  Increase.  This  cycle  repeats  itself  unin¬ 
terruptedly  during  the  entire  test  period. 

The  recording  cylinder  is  situated  in  cantilever  13. 
Cantilever  13  is  tightly  connected  with  the  bracing  point 
of  the  lower  end  cf  spring  5.  Cylinder  14  is  rotated 
around  its  vortical  axis  by  either  a  clock-work  or  by- 
electric  motor  15. 

Pencil  16,  drawn  to  cylinder  14  by  a  soft  spring, 
is  attached  to  lever  14. 

Afl  spring  5  is  loaded  it  displaces  the  cylinder 
with  respect  to  the  pencil  by  the  amount  of  the  elastic 
elongation  of  the  spring.  This  amount  is  in  proportion  to 
the  load  which  acts  upon  the  specimen.  Consequently,  the 
cylinder  records  the  diagram  in  the  coordinates:  load  va. 
time. 
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To  heat  the  specimen,  we  move  down  the  tubular  ' 
furnace  equipped  with  a  thermoregulator  (not  shown  In  this 
diagram) . 


The  relaxation  aet«up  can  be  subdivided  Into  the 
following  units:  (1)  loading  system;  (2)  deformation 
amplifier;  (3)  recording  device;  (4)  furnace;  and  (5)  ther¬ 
moregulator. 


1.  Loading  system 

The  loading  system  consists  of  two  parts,  described 

below. 


The  lower  pull  rod  (Figure  2)  Is  seciired  to  the  frame 
by  means  of  two  nuts.  The  pull  rod  1  has  an  ear  2  with 
holes  and  grooves  for  the  deformation  amplifier  3>  the 
quartz  arch  4,  auid  quartz  rod  5.  The  upper  end  of  pull 
rod  1  la  equipped  with  a  thread  (M-9)  for  securing  the 
specimen.  Pull  rod  1  has  a  through-opening  along  its  axis 
for  the  quartz  rod  5. 

The  lower  end  of  the  upper  pull  rod  6  Is  threeuied 
(M-9)  for  securing  the  specimen;  In  addition,  the  pull  rod 
6  has  a  through- opening  for  the  upper  end  of  the  quartz 
arch  (see  Figure  3)«  The  upper  end  of  the  upper  pull  rod 
6  (Figure  2)  la  held  In  the  suspension  device  7  hy  means 
of  a  spherical  rib.  The  suspension  device  7  of  the  upper 
pull  rod  6  is  secured  by  means  of  a  shaft  on  a  ball  bearing 
built  into  the  load  lever  8  which  transmits  the  stress  pro¬ 
duced  by  spring  9  upon  the  specimen. 

The  arm  ratio  of  the  load  lever  is  1  ;  8. 

The  shaft  of  load  lever  8  Is  secured  on  ball  hearings 
mounted  into  stands  10  which  rest  upon  the  front  columns 
11  of  the  machine.  The  short  arm  of  lever  8  has  a  travel¬ 
ing  counterweight  12  for  balancing  the  lever.  On  its  long 
arm  the  load  lever  carries  a  single-row  ball  bearing  with 
a  shaft  secured  to  a  suspension  device  with  swivel  13  for 
spring  9. 

The  upper  end  of  the  loading  spring  is  Inserted  In 
the  hole  of  the  swivel*  The  swivel  rests  on  the  suspension 
device  through  a  ball- thrust  bearing. 


L 


J 


.  132. 


1 


Figure  2.  Relaxation  machine. 

a  —  Overall  view;  b  —  lower  pull  rod  unit; 

I  —  lever  puli;  2  —  ear; 

3  —  the  levers  of  the  deformation  amplifier; 

4  —  quartz  arch;  5  —  quartz  rod;  6  —  upper 
pull  rod;  7  —  suspension  of  the  upper  pull  rod; 
8  —  load  lever;  9  —  load  spring;  10  —  stands; 

II  —  front  columns;  12  —  counterweight; 

13  —  swivel  suspension;  14  —  carriage  rod; 

15  —  carriage;  16  —  rear  columns; 

17  —  cylinder;  18  —  pulley. 
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?ij'ure  '3',  Hounteii  speciaen  with 
th&  attp.ch'gd  theraocouplee . 


‘I'he  iov,--:r  end  of  sprln;^  9  is  Inserted  Into  rod  14 
of  the  .  The  upper  end  of  the  carriage  rod  is 

secured  with  nutR  to  carriage  15  which  travels  over  the 
rear  coliunnfr  of  the  frame  16. 


Carriage  ip  has  on  its 
record  trig  wechanism  1?, 


upper  end  a  cantilever  for 


a  vo.rri:vhsel  v/it 
woraiscrev;  at  t: 
Into  notion  by 
tronsnisplor.. 


r  end  of  the  carriage  rod  Is  placed  Into 
h  a  nut;  the  worm wheel  Is  rotated  by  a 
lie  end  of  pulley  18.  The  worascrew  is  set 
the  electric  motor  through  a  flexible 


iuotor  of  the  actuating  mechanlam,  type  PR  of 
Ph-I  (3),  i£  secured  to  the  table  with  shock  absorbers 
of  sponge  laibber.  The  motor  represents  an  induct! on- type 
icotor  with  fwo  rotors  mounted  on  one  axis  and  with  two" 
Iridependenn  stators.  Etach  of  the  rotors  can  rotate  in 
only  one  direction  (one  to  the  right  and  the  other  to  the 
left);  as  a  result,  each  of  the  stator  windings  “rests” 
approximately  half  of  the  operatlr.g  time.  To  ensure 
greater  reliaolllty  of  operation,  the  motors  are  equipped 
with  water  cooling. 

The  highest  load  applied  to  the  specimen  la  1,000 
Jij. P,  which,  with  our  specimen  dimensions  (a  4.5  mm  dlamete 
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^In  the  working  section),  amo\mta,  approxiaately,  to  63 

kg/mm*. 

Prior  to  mounting,  the  spriiTga  were  extended  to 
maximum  working  conditions  and  aged  at  230°  for  three 
hours . 


The  elastic  travel  of  the  loading  spring  at  highest 
load  is  equal  to  approximately  160  mm. 

The  highest  loading-unloading  rate  is  50.9  kg/mln 
(or  3.2  kg/mm2  per  minute  respectively). 

2.  Deformation  amplifier 

The  function  of  the  deformation  amplifier  is  to 
transmit  the  small  changes  in  the  length  of  the  specimen 
and  increase  them  by  a  factor  of  25. 

The  deformation  of  the  specimen  la  picked  up  by 
quartz  arch  15  and  quartz  rod  14  (Figure  4)  placed  with 
their  upper  ends  in  the  tapered  grooves  (counterbores) 
which  are  situated  at  the  ends  of  the  specimen,  on  its 
axis.  This  eliminates  the  influence  of  specimen  bending 
on  the  amount  of  deformation  perceived. 

The  deformation  amplifier  is  constructed  in  the 
form  of  a  system  consisting  of  two  light-weight  (hollow) 
levers  7  and  8  made  of  invar  [?].  The  levers  have  counter 
weights  which  are  so  mounted  as  to  ensure  the  tightening 
of  the  quartz  rods  14  and  15  to  the  specimen  with  a  load 
equal  to  50  kg.  The  upper  lever  8  is  secured  on  ball 
bearings  17  on  a  shaft  built  on  to  carriage  18  which  can 
move  over  the  guiding  column  19  and  can  be  secured  in  the 
necessary  position  by  a  screw. 

The  guiding  column  19  is  mounted  on  base  20  which 
is  fastened  to  the  frame  of  the  machine  by  means  of  screws 

The  lever  8  terminates  in  part  11  which  carries 
ball  bearings  12  and  has  a  counterbore  3  for  the  end  of 
quartz  rod  14. 

The  shaft  of  lever  7  is  secured  on  ball  bearings 
12.  The  arm  ratio  of  lever  7  is  1  :  25.  One  end  of  lever 
7  has  an  electrical  contact  22;  the  other  end,  in  addition 
to  weight  13,  has  a  special  device  to  compensate  the 
ijt-hermal  expansion  of  part  11  and  measure  the  variation  Inj 
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•“the  length  of  the  specimen  (&t  heating,  loading,  ete.)« 

The  lever  7  carries  lever  4  tightened  to  a  metal 
tubing  6  by  spring  10.  The  plunger  24,  situated  in  the 
hole  of  lever  7,  rests  with  one  end  upon  lever  4  auid  has 
on  the  other  end  a  count erbci*e  for  the  end  of  the  quartz 
arch  15. 


The  compensation  of  thermal  expansion  oc-  urs 
automatically  due  to  the  fact  that  the  lengths  of  both 
the  metal  tubing  6  and  the  brass  screw  are  so  matched  that 
the  expansion  of  part  11  is  compensated  by  the  difference 
in  expansion  between  tubing  6  and  screw  5. 

The  variation  in  the  dlmenslouB  of  the  specimen, 
transmitted  by  quartz  rods  14  anfl  15,  is  compensated  by 
means  of  screw  5  displacing  plunger  24. 

The  micrometer  screw  1  situated  strictly  on  the 
vortical  which  runs  through  shaft  17  is  secured  to  carriage 
16  by  means  of  insulation  layer  23.  Screw  1  la  equipped 
with  electrical  contact  2  which  may  be  connected  with 
contact  22  (in  our  set-up,  these  contacts  act  as  a  pulse 
transmitter). 

The  quartz  arch  and  the  quax’tz  rod  are  shown  In 
Figure  5. 

The  set-up  consists  of  four  macines.  The  better 
of  these  machines  ensures  the  maintenance  of  the  length 
of  the  tested  specimen  to  an  accuracy  of  ±0.2  microns, 
which  amounts  (at  a  lOO-mm  calculated  length  of  the  speci¬ 
men)  to  a  relative  accuracy  of  ±0.0002  percent  in  maintain¬ 
ing  the  constancy  of  the  length;  when  the  machine  is  not 
that  good,  this  quantity  Is  somewhat  higher. 
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^and  lower  sectlone.  This  makes  it  possible  to  achieve 
uniform  distribution  of  temperature  over  the  length  of 
the  specimen. 


5.  Thennoregulator 

The  furnace  la  equipped  with  a  dll atometrlc- type 
thermoregulator  consisting  of  two  elements,  one  of  wiilch 
la  the  furnace  tube  and  the  other  of  which  la  the  quartz 
rod  which  takes  part  In  the  elongation.  The  relative 
variation  in  the  length  of  the  tube  and  the  rod  increases 
100-fold  by  means  of  a  two-stage  lever  system.  The  travel 
of  the  lever  syatem  caused  by  the  thermal  expansion  (or 
contraction)  of  the  tube  causes  the  closing  (or  opening,) 
of  the  oloctrlcel  contact,  which.  In  the  end,  results  in 
a  reduction  (or  Increase)  in  the  magnitude  of  current 
passing  through  the  winding  of  the  furnace. 

should  pause  to  discuss  for  a  moment  the  method 
of  fastening  the  quartz  rod  25  (see  Figure  4a).  This  rod 
must  have  thickenings  (heads)  at  Its  ends.  The  lower  end 
of  the  rod  Is  led  Into  a  yoke  on  the  short  arm  of  the 
thermoregulator  lever  26.  The  upper  thickened  end  of  the 
rod  rests  upon  a  brass  tube  which  is  put  on  the  rod.  This 
tubing  may  be  tightly  secured  by  clamp  27  at  the  upper  end 
of  the  furnace. 

The  thenaoregulator  permits  the  temperature  to  be 
maintained  to  an  accuracy  of  ±0.17®  C  provided  the  voltage 
oaclllations  in  the  network,  which  feed  the  furnace  wind¬ 
ings,  ai^  small.  In  the  case  of  substantial  voltage 
oscillations  In  the  network  the  accuracy  of  maintaining 
the  temperature  of  the  specimen  constant  is  impaired,  and 
it  reaches  ±1  and  1.5®  0. 
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Table  2 


The  recording  acalee  of  the  dlagreuns  according 
to  the  stress  axis  and  time  axis 


! 

i 

i 

) 

No.  of  j 
machine  j 

i 

1 

1 

Stress 

1  corresponding 
;  to  1  mm  on  the 

1  diagram, 

!  ics 

1 - 

Time  corresponding  to 

1  mm  on  the  diagram, 
hour 

With  the 
Warren  motor 
and  the 
clock-work 

! 

[  Using  only  the 

1  clock-work 

1 

6.01 

4.08.10-3 

0.109 

6.05 

4,19.10-3 

0.705 

5 

6.10 

4,26.10-3  1 

0.724  • 

^  i 

5.98 

4.17.10-3 

0.538 

Table  ^ 


Structural  specifications  for  the  winding  of  the 
heat-treatment  furnace 


Section  j 

\ 

_ ! 

i 

i 

i 

[  Number  of  turns 

Spacing  of 
winding, 
mm 

r — — '  - .  . . — 

Relative  density 
of  winding 

Upper 

( 

22 

4.6 

2 

Central 

16 

9.4  1 

1 

Lower 

32 

3.2  ! 

3 

Iv.  The  Electrical  Circuit  System  of  the  Machine 
That  Tests  Relaxation  of  Stresses 

The  following  circuits  may  be  singled  out  In  the 
electrical  system  of  the  control  board?  (1)  furnace  heat- 
circuit;  (2)  thermoregulator  circuit;  (3)  deformatlonj 
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r*afflpllfier  circuit  (pulse  tranamitter) ;  (4)  electric 
motor  circuit;  (5)  Warren  motor  circuit;  (6)  d-c  poten¬ 
tiometer;  and  (7)  signaling  and  safety  circuit. 

Figure  6  shows  a  schematic  electrioad  diagram  of 
one  of  the  panels  and  wiring  diagrams  of  both  the  board 
panel  and  the  relay  unit. 

1.  Furnace  heating  circuit 

The  furnace  nay  be  connected  into  a  120-  or  a  220-v 
a-c  circuit  (see  Figure  6a). 

The  current  passing  throiigh  the  circuit  is  measured 
with  an  ammeter  and  controlled  with  rheostats  II  and  III. 

A  portion  of  the  current  is  shunted  by  rheostat  IV  by  means 
of  normally  closed  relay  contacts  R6.  Tube  15  (furnace), 
which  ii^lcates  the  presence  of  current  In  the  furnace, 
is  connected  in  parallel  to  rheostats  II  and  III.  The 
central  and  lower  heating  sections  are  shunted  by  rheostats 
V  and  VI,  respectively. 

2.  Thermoregulator  circuit 

The  thermoregulator  relay  R6  la  fed  by  the  current 
(25  to  30  v)  from  the  d-c  potentiometer  1.  The  thermo¬ 
regulator  contacts  VS  close  or  open  the  relay  circuit  R6. 
The  contacts  of  the  R6  relay  connect  or  disconnect  the 
shunt  rheostat  IV  circuit.  To  reduce  sparklxxg  and,  conse¬ 
quently,  charring,  the  contacts  of  thermoregulator  VS  are 
shunted  by  the  resistor  R1  =  240  ohms. 

In  case  of  overheating  of  the  furnace  the  lower 
contacts  N  of  the  thennoregulator  close  the  circuit  of 
relay  R1  whose  contacts  close  the  emergency  relay  R8  cir¬ 
cuit. 


The  20,000-ohm  resistor  R3  serves  as  a  spark  arrest¬ 
er  in  the  relay  HI  contacts. 

The  (0.5/uF)  capacitor  01  serves  as  a  spark  arrester 
In  the  relay  H6  contacts. 

3.  Deformation  amplifier  circuit 

The  lower  lever  of  the  deformation  amplifier,  by 
either  closing  or  opening  the  contacts  13  and  14,  passes 
Lpr  interrupts  the  current  In  the  polarized  relay  R2.  j 
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nielay  R2  Is  fed  from  the  potentiometer  1  at  a  voltage  of 
1.5  to  1,8  V,  The  Input  power  consumed  by  relay  R2  and, 
consequently,  cut  off  In  contacts  15  and  14  amounts  In  all 
to 0.006  V,  The  10,000-ohm  resistor  R2  acts  as  a  sparlc 
arrester  on  the  contacts  of  the  deformation  amplifier. 

When  the  contacts  of  the  deformation  amplifier  are 
open,  the  relay  R2  contacts  2B  and  4B  are  open.  At  this 

-  point  the  normally  closed  contacts  of  the  Intermediate 

relay  R7  close  (through  the  normally  closed  contacts  of 
the  emergency  relay  R3)  the  coll  of  the  loading  motor  re¬ 
lay  R4.  The  contacts  of  relay  R4  close  the  stator  circuit 
of  the  motor  which  actuates  the  rotor  toward  loading  the 
specimen. 

When  the  contacts  of  the  deformation  amplifier  are 
closed,  the  current  passes  from  the  potentiometer  through 
rel{^  R2  and  close  contacts  2B  and  4B  (the  30,000-ohm 

resistor  R4  shunts  contacts  2B  and  4B  for  spark  arresting) ; 

at  this  point  the  relay  R7  contacts  open  the  coll  circuit 
of  the  unlv  ading  motor  relay  R5. 

The  contacts  of  relay  7  are  shunted  for  spark 
arresting  by  resistors  R5  and  R6,  2400  ohms  each. 

The  contacts  of  relay  R5  close  the  stator  circuit 
cf  the  motor,  which  actuates  the  rotor  toward  unloading  the 
specimen. 


a 

Figure  6,  Relaxation  Machine 

a  —  Scheiaatlc  diagram  of  electrical  circuits;  b  —  wiring 
diagram  of  the  board;  c  —  wiring  diagram  of  the  relay  unit 
of  the  machine;  R1  —  relay  Interjacent  to  the  emergency 
rslay  (general);  R2  —  control  relay  of  the  mechanical 
amplifier  of  deformation  (its  contacts  are  2B  and  4B); 

R3  —  emergency  relay  (of  the  motor);  R4  —  motor  relay 
(loading);  R5  —  motor  relay  (unloading);  R6  —  thermo¬ 
regulator  relay;  R7  —  relay  (Intermediate)  of  the 
mechanical  amplifier  of  deformation;  R8  ~  emergency  relay 
(general);  Rl,  R2,  R3,  R4,  R5,  and  R6  are  spark- arresting 
resistors;  Cl,  C2,  C3f  and  C4  —  spark- arresting  capacitors; 
L(T)1,  L2,  L3»  1*4,  and  L5  —  signal  lamps;  I  —  d-c  poten¬ 
tiometer;  II  and  III  —  ballast  rheostats  of  the  furnace;  . 

L  J 
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y  --  rheostat,  ahuntlug  the  ballast  rheostats;  V  and  Y1  — 
r;unt  rheostats  of  the  central  and  lovrer  sections  of  the 
urnaoe ;  VII  —  d~s  ballast  rheostat;  V  --  d-o  voltmeter; 

A  --  a-o  flsiiiieter;  Zvn  —  electrical  slsnal  bell;  m  (I^U) 
Warren  motor;  K  —  electrical  motor  (5.  6,  7  — -  its 
•  contacts);  Hbl  --  Imlfe  switch  (master);  Rb2  —  signal 
knife  switch;  Rb3  furnace  knife  switch;  Prl  —  four- 
poaitlon  switch  of  electric  motor;  Pr2  two-poaltion 
switch;  Iv,  2v  --  d-c  switches;  3v  —  ©laergency  switch; 

4v  electric  motor  switch;  —  Warren  motor  switch; 

CA  (KU)  —  contacts  of  mechanical  amplifier  of  deformation; 

L  J 
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C  (K) ,  V  —  contact  of  load  lover  screvr;  V,  S,  N  —  ther- 
moragulator  contacts;  1  to  14  —  distributing  board 
ccntacts;  lA  to  6 A  —  contacts  of  relay  unit  panel; 

2B  to  86  —  contacts  of  tube  socket  of  relay  unit  B; 

IB  to  133  —  contacts  of  the  coupling  of  the  relay  unit  B 
IP  to  4P  •—  electric  furnace  contacts. 


Electric  motor  are  on. 


1 

5.  Warren  motor  circuit 

Tlae  Warren  motor  la  fed  from  the  120-v  a-c  network. 

It  la  connected  and  disconnected  by  switch  5v. 

6,  Direct-current  potentiometer  circuit 

The  relay  system  la  fed  from  potentiometer  1  whose 
circuit  la  switched  In  by  switches  1  and  2.  Signal  lamp 
LC’  indicate  a  the  presence  of  voltage  on  the  potentiometer. 
The  potentiometer  shows  readings  for  2-,  2J0-,  and  120-v 

voltages • 

The  ballast  rheostat  VII  is  employed  to  maintain 
constant  voltage  during  the  experiment.  The  voltage  con¬ 
stancy  Is  checked  by  the  d-c  voltmeter. 

7.  Signaling  and  safety  circuit 

The  120-v  a-c  current  is  fed  to  the  signal  straps 
through  the  knife  switch  Rb2  and  the  bell  circuit. 

In  case  the  furnace  becomes  overheated,  the  emergency 
relay  R8  cuts  off  both  a-c  and  d-c  currents  on  the  board 
of  the  machine  and  oloses  the  circuit a  of  emergency  lamp 
LI  and  the  Zvn  bell,  whose  coil  is  shunted  by  the  0,6 yuF 
capacitor  for  spark  arresting  on  the  bell  contacts.  In 
order  to  connect  the  supply  of  current  o  the  board,  we 
must  press  a  special  button  on  relay  R6. 
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^’Ic'.urc  8.  View  of  ono 
panel  cf  the  control 
board  of  the  relaxation 
machine . 


i  —  a-c  mapter 
position  furnace 
relay  (master); 
e wit oh;  7  —  d-a 
of,  the  electric 
motor;  10  —  -lar 
s  :l  ~ii  ?.l  1  Biv.  p ;  1  i' 
Inhloatinh  laiio; 


knife  switch;  2  --  a-c  amireter;  3  —  two- 
swltcb  from  120  to  220  v;  4  --  erjergency 
5  --  25-amp  fuses;  6  —  furnace  knife 
on-off  switches;  8  —  the  four-position 
motor;  9  on-cff  cwltch  of  the  electric 
ren  motor  on-off  switch;  11  --  furnace 
--  electric  motor  sii^nai  lamps;  13  —  d-c 
14  --  emergency  signal  lamp. 


’.fnen  the  specimen  Is  overloade 
deforuiat ion  amplifier  Is  not  actuated 
he  machine  presr^es  the  button  i:  of  .~ 
oil  circuit  of  the  emergency  rels.y  R 
the  emergency  relay  R3  open  the  coll 
R4  of  the  lo.adinc  motor. 


d  (If  the  relay  of  t 
),  the  load  lever  of 
witch  which  closes  t 
3.  The  contacts  of 
circuit  of  the  relay 


To  prevent  a  short-circuit,  there  are  25-a;np  fusns 
in  the  a-c  circuit  and  b-arap  fuses  in  the  d-c  circuit. 

The  entire  control  of  the  electric  circuits  of  the 
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f^four  relaxation  machines  la  centralized  on  the  general 
control  board  (Figure  7);  on  the  same  board,  there  are,  In 
addition,  all  the  signal  lamps  and  emergency  relays.  A 
Tlew  of  one  of  the  panels  of  the  control  board  la  shown  in 
Figure  8. 

V.  Measurement  Errors  In  Testing  Relaxation 

of  Stresses 

1.  The  accuracy  of  maintaining  the  length  of 
the  specimen  constant 

Let  ue  aasxirae  that  the  width  of  the  line  of  the 
diagram  A-Z  depends  completely  on  the  accuracy  tiS  at  which 
the  set-up  maintains  the  constancy  of  deformation  in  the 
specimen.  Then,  taking  the  width  of  line  A z  which  has 
actually  been  measurod  for  a  case  when  the  test  was  con¬ 
ducted  at  room  temperature  and  the  time  recording  was  made 
by  using  a  large  scale  (approximately,  one  turn  of  the  cy¬ 
linder  per  hour),  we  will  have: 

Az  =  +Azmlo/2SS  =  iO. 00019  mm, 
where  ^7,  =  0,2  tarn  Is  the  width  of  the  line  of  the  diagram; 

m  =  6,0  kg/mm  Is  the  scale  of  stresses; 

lo=  100  mm  la  the  working  length  of  the  specimen; 

3  =  16  mm^  la  the  croes-sectlonal  area  of  the 
specimen; 

E  =  2,0* 10^  kg/mm^  is  the  modulus  of  normal  elasti¬ 
city  of  the  material  of  the  specimen  at  a  testing  tempera¬ 
ture  of  20^  C. 

On  the  other  hand,  we  can  proceed  from  the  average 
niimber  of  revolutions  in  one  direction  of  the  An  of  the 
wormwhsel  of  the  loading  ^stem  (during  the  loading -unload¬ 
ing  process).  The  number  An  will  be  related  to  the  to  the 
accuracy  of  maintaining  deformation  by  the  following  ex- 
preeelon: 

=  ihmlpAn/2SE  =  ±0,00017  mm, 

where 

l_  1  =  l/llO  is  the  gear  ratio  of  the  wormwheel;  J 
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h  =  4  mm  Is  the  travel  pitch  of  the  carriage  screw"? 


5  revolutiona  Is  the  average  number  of  revrlu- 
tlons  of  the  wormwheel  in  one  direction. 

When  tests  are  conducted  at  an  elevated  temperature 
and  a  small  time  scale  Is  used,  wo  must  also  take  into 
account  the  variation  in  the  dimensions  of  the  specimen 
-  o.-jUGod  by  variations  in  its  teiaperature.  The  error  in 
rsalntainlng  the  constancy  in  the  lerjg^th  of  the  spectsum 
'Ahich  depends  on  the  thermal  expansion  of  ItsAl  in  the 
:>3t  u.nfax’-orable  case,  when  the  temperature  variations 
reach  tl*--  C,  will  equal: 


ul  =  il^ocAt  =  10.0016  ms, 

’.-’here  1^  -  ICO  mm  is  the  working  length  of  tbs  specimen: 

=:  16.0' 10*^  is  the  coefficient  of  linear  expan¬ 
sion  (for  high-alloyed  chroml'am-nlckel  steels);  and 

Alt  =:  tio  G  is  the  accuracy  In  maintaining  the 
temperature. 

In  most  caees  It  is  possible  to  maintain  the  tempera¬ 
ture  to  a  greater  accuracy,  approximately  *0.2b^  0;  this 
tgrsea  with  the  error  of  thermal  expansion  on  the  order  of 
10.0004  mm. 


In  fact  (in  complete  accordance  with  the  above  cal¬ 
culations),  in  conducting  the  test  in  the  region  of  high 
temperat’ares ,  the  total  width  of  the  line  of  the  diagram  in 
the  sector  of  the  most,  unfavorable  condition  amounted  to 
about  2  Biiii,  and.  in  most  cases  to  0.6  mm, 

2,  Measurement  error  in  the  variation  of  load  and  time 

Proceeding  from  a  frequently  observed  diagram  line 
vi’idth  of  0,6  mm,  it  must  be  assumed  that  the  error  In  the 
reading  of  stresses  from  tlte  diagram 

ro,/^b  =  0,114  kg/mm''- 

will  be  equal  approximately  to  0.3  nm.  This  corresponds  to 
the  average  measurement  error  of  the  stress  m/Sb  =  0.114 
Eg/mm^  effective  in  the  spaclmen,  where 

m  6.0  kg/mm^  the  scale  of  stresses;  i 
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^  3  =  l6  nan^  Is  the  cross-aectlonal  area  of  the 

epeclmen;  and 

b  =  0.3  nun  la  the  error  in  the  i'eadlng  of  stresses 
cn  the  diagrast. 

If  we  assume  that  the  time-reading  accuracy  on  the 
diagram  la  0.2  mm,  then  the  measurement  error  in  time  will 
-  be  equal  to  the  values  given  in  Table  4. 

Table  4 


Ei'rore  in  time  measurement  according  to  the  diagram 
of  relaxation  of  stresses,  sec. 


! 

No.  of  j 
machine  j 

i 

With  the  Warren  motor 
and  the  clock  work 

1 

Operating  only  with 
the  clock-work 

1 

i2.9 

±7.8 

2 

±3.0  i 

+5.4 

X 

+3.0 

±5.4 

4 

1  +3.0 

+3.6 

3.  Evaluating  the  Influence  of  the  variation  in  room 
temperature  on  the  stiffness  of  the  loading  spring 

To  evaluate  the  influence  of  the  variation  in  room 
temperature  on  the  stiffness  of  the  loading  spring,  we  may 
talce  advantage  of  the  well-fcnown  formula  relating  the 
elongation  of  the  helical  spring  to  the  load  applied  to  It: 

i  =  GdV64ir3f  -  ^ 

where  P  is  the  stress  produced  by  the  spring; 

Q  is  the  modulus  of  tangential  elasticity; 
d  Is  the  diameter  of  the  spring  wire; 

1  is  the  number  of  turns  in  the  spring; 
r  Is  the  radius  of  the  turn  in  the  spring; 

L  J 
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*  r  1b  th«  elongation  of  the  spring;  ' 

k  la  the  etlffnese  factor. 

Let  ua  aeaume  that  at  a  small  variation  In  tempera- 
ture  the  modulus  of  tangential  elasticity  depends  linearly 
on  teaperat’ore,  namely:  it  drops  with  the  increase  in 
temperature  while  the  linear  dimensions  of  the  spring  grow 
-with  the  temperature!  i.e., 

r  = 

d  =  d^(l  4-c<At) 

g  =  ^(1  -  /3dt) 

where  the  coefficient  of  linear  expansion; 

is  the  thermal  coefficient  of  the  modulus  of 
elasticity  In  shear;  and 

Is  the  variation  In  temperature. 

Prom  here  we  can  easily  determine  the  relative 
variation  of  the  stiffness  factor A k/k* 100  (expressed  in 
percent)  with  the  variation  In  temperature. 

Taking  A  100  s  (of  -  p )  *  A  t  *  100 . 

oc  =  i.6*io**5; 

P  =  2.5*10“‘'^;  and 

At  =  10®  C; 

we  obtain  A  ^£*100  =  -0.23  percent. 

Conclusions 

1.  A  study  has  been  made  of  the  general  require- 
ffiente  of  a  set-up  for  testing  relaxation  of  stresses  at 
elongation. 

2.  A  description  is  given  of  this  set-up;  it  was 
planned  and  built  at  the  Institute  of  Physics  of  Metals 
of  the  Academy  of  Sciences  USSR  (AN  SSSR),  Ural  Breuich; 
it  was  designed  for  testing  specimens  100  mm  long  and  4.5 

^ism  in  diameter  at  temperatures  up  to  900®  C.  The  length  j 
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the  apeolmens  was  maintained  automatically  to  an 
accuracy  of  ±0.2  micron  and  the  temperature  to  an  accuracy 
of  ±1®  C,  The  maximum  load  Is  1,000  kg.  The  diagram  of 
stresses  with  respect  to  the  test  time  was  recorded  auto¬ 
matically. 

3.  An  analysis  of  measurement  errors  In  testing 
relaxation  of  stresses  is  given. 
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Concernins  Shearing  and  Diffusion  Plasticity- 
in  the  Process  of  Relaxation  of  Stresses 

By  G.  N.  Kolesnikov  and  A.  I.  Moiseyev 


Relaxation  of  stresses  is  customarily  called  the 
spontaneous  reduction  of  stresses  which  eventually  takes 
place  when  total  deformation  remains  permanent.  We  have 
today  a  sufficiently  well-accepted  conception  that  the  pri¬ 
mary  reason  for  relaxation  of  stresses  is  the  nonuniform  and 
nonsynchronous  course  of  plastic  defonuation  in  the  material. 

We  know  that  at  relatively  low  temperatures  plastic 
deformation  is  accomplished  by  two  processes:  slip  and 
twinning*.  In  the  case  of  high  temperatures,  many  authors 
(3-10)  assume,  parallel  to  slip,  the  existence  of  another 
type  of  plastic  deformation,  diffusion  plasticity.  Speci¬ 
fically,  A.  A.  Bochvar  (7)  concludes  that  diffusion  plasti¬ 
city  can  be  accomplished  by  three  different  mechanisms, 
which  he  calls:  (1)  amorphous  diffusion;  (2)  soluble- 
precipitation;  and  (3)  recrystallization.  He,  as  well  as 
several  other  authors,  is  Justified  in  assuming  that,  at  an 
assigned  constant  temperature,  the  greater  the  relative 
role  of  diffusion  plasticity,  the  lower  the  rate  of  defor¬ 
mation. 


The  fundamental  distinction  of  twinning  and  slip 
from  diffusion  plasticity  is  the  fact  that  both  slip  and 
twinning  axe  group  processes  ("collective",  "cooperative"); 
in  other  words,  the  elementary  acts  of  these  processes  are 
accomplished  by  the  regular  dislocation  of  entire  groups  of 
atoms  along  definite  crystallographic  planes  and  directions. 
The  elementary  act  of  diffusion  plasticity  represents  a 
process  of  an  Independent  migration  of  individual  atoms 
which  coincides  with  the  elementary  act  of  diffusion  (self¬ 
diffusion)  . 


*To  this  same  type  of  "collective"  processes  we  also  refer 
the  process  of  complex  slip  described  by  M.  V.  Klassen- 
Neklyudova  (1)  and  A.  V.  Stepanov  (2). 
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The  conception  of  the  existence  of  diffusion  plasti¬ 
city  Is,  as  a  matter  of  fact,  supported  by  four  groups  of 
established  experimental  facts. 

1.  In  pure  metals,  the  preceding  plastic  deformation 
(preset  at  a  low  temperature)  affects  oppositely  the  magni¬ 
tude  of  the  subsequent  plastic  deformation  at  low  and  high 
temperatures.  A  pure  motal,  preliminarily  deformed  (In  the 
region  of  a  relatively  low  temperature),  will  at  a  subsequent 
straining  by  some  assigned  stress  (at  the  same  temperature 
region)  experience  a  plastic  deformation,  less  In  magnitude 
than  a  metal  that  had  not  undergone  a  preliminary  deforma¬ 
tion.  But  If  we  carry  out  the  subsequent  deformation  at  a 
sufficiently  high  temperature,  the  opposite  relationship 
will  be  observed,  l.e.,  the  material  that  had  not  undergone 
a  preliminary  plastic  deformation,  will  experience  a  lower 
deformation  (ll). 

2.  It  Is  generally  known  that  the  variation  in  the 
grain  size  of  a  polycrystalline  material  affects  diversely 
the  magnitude  of  plastic  deformation  at  low  and  high  temp¬ 
eratures. 


3.  The  distribution  of  plastic  deformation  over  the 
poly crystalline  specimen  at  Its  deformation  In  the  region 
of  lov/  temperatures  and  of  high  deformation  rates  differs 
from  the  distribution  obtained  at  the  deformation  cf  the 
specimen  In  the  region  of  high  temperatures  and  low  deforma¬ 
tion  rates.  In  the  first  case,  the  deformation  Is  mainly 
concentrated  in  the  volume  of  the  grain,  and  in  the  second 
case,  It  is  mainly  localized  at  the  grain  boundaries  (12- 
15).  Most  convincing  In  this  respect  are  the  experiments 
conducted  on  blcrystals  (12,  16).  These  experiments  show 
that,  at  low  temperatures  and  high  deformation  rates,  plastic 
deformation  occurs  mainly  In  the  sectors  of  the  crystals 
removed  from  the  boundaries,  but  that  In  the  regions  ad¬ 
joining  the  boundary  the  deformation  Is  hampered.  In  the 
case  of  high  temperatures  and  low  deformation  rates,  plastic 
deformation  is  localized  at  the  grain  boundaries  and  is 
almost  unobservable  in  the  sectors  of  the  crystal  removed 
from  the  boundary. 

4.  Some  authors  (17,  18)  point  out  that  the  activa¬ 
tion  energy  of  self-diffusion  In  a  number  of  metals  concurs, 
within  the  limits  of  an  experimental  error,  with  the  acti¬ 
vation  energy  of  plastic  deformation  by  creep. 
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The  above  qualitative  relationships  can  easily  be 
explained  on  the  basis  of  our  conceptions  of  diffusion 
plasticity.  That  is,  the  intensity  of  the  course  of  the 
diffusion  processes  must  increase  with  the  rise  in  tempera¬ 
ture,  Further,  in  considering  this  problem  from  the  view¬ 
point  of  contemporary  conceptions  of  the  elementary  act  of 
diffusion  in  a  crystalline  body,  it  must  be  expected  that 
the  elementary  acts  must  arise  more  easily  in  the  sectors 
of  the  crystal  where  the  crystal  lattice  is  most  distinct 
from  that  of  an  ideal,  l.e.,  near  the  nonuniformity  of  the 
crystal  and,  particularly,  at  the  grain  boundaries.  On  the 
other  hand,  the  elementary  acts  of  the  "cooperative"  pro¬ 
cesses  (slip  and  twinning;,  which  also  originate  near  the 
structural  nonuniformities  of  the  crystalline  body,  propagate 
to  distances  which  are  the  greater  dimensions  of  the  undis¬ 
torted  sector  of  the  crystal  whore  the  elementary  act  occurs. 

In  addition  to  the  above  there  are  some  other  experi¬ 
mental  data  which  speaic  in  favor  of  the  existence  of  a 
process  of  diffusion  plasticity;  for  Instance,  data  refer¬ 
ring  to  the  damping  of  oscillations  at  elevated  temperatures 
in  a  mono-  and  a  polycrystalline  material  (19-21). 

Although  all  that  has  been  said  above  is  based  on 
experimental  data  obtained  under  deformation  conditions 
different  from  those  obtained  in  tests  on  relaxation  of 
stresses,  it  is  nevertheless  obvious  that  plastic  deforma¬ 
tion  which  causes  relaxation  of  stresses  must  be  accomplish¬ 
ed  through  microprocesses  of  the  same  typos  as  in  other 
cases  of  deformation.  Indeed,  from  a  phenomenological 
standpoint,  relaxation  of  stresses  can  be  considered  as 
a  special  case  of  deformation  of  the  specimen,  in  which  the 
variation  in  the  load  applied  to  the  specimen  obeys  a 
certain  definite  law  in  such  a  way  that  the  total  deforma¬ 
tion  (the  s\M  of  elastic  and  plastic  deformations)  of  the 
specimen  remains  invariable  (22).  However,  some  authors 
have  suggested  (23-28)  that  the  mechanism  of  plastic 
deformation  at  relaxation  of  stresses  is  essentially 
different  from  that  of  the  plastic  deformation  under  other 
deformation  conditions  (creep). 

On  the  processes  of  creep  and  diffusion  plasticity 

According  to  present  conceptions,  diffusion 
plasticity  is  caused  by  Independent  (chaotic  in  nature) 
dislocations  of  Individual  atoms,  while  creep  is  a  group 
phenomenon  which  consists  of  a  coordinated  simultaneous 
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dislocation  of  entire  groups  of  atoms  along  definite  pianos 
and  directions  of  tho  crystal  lattice.  Proceeding  from 
those  conceptions,  It  may  be  expected  that  so  substantial 
a  difference  In  the  mechanism  of  these  processes  must 
manifest  Itself  In  tho  difference  of  the  kinetics  of  their 
course. 


It  may  bo  assumed  that  those  processes  are  character¬ 
ized  by  different  dependencies  of  tho  rates  of  plastic  de¬ 
formation  on  stress,  different  magnitudes  of  activation 
energy,  and  different  dependencies  of  the  activation  energy 
on  stress. 

In  tho  opinion  of  Ya.  I.  Frenkel  (29),  tho  activation 
energy  for  a  group  process  must  be  greater  than  that  for 
tho  process  of  self-diffusion,  while  for  a  diffusion  plasti¬ 
city  process  the  activation  energy  mut  be  of  the.  same  order 
as  the  activation  energy  for  a  self-diffusion  process. 

At  present  there  is  still  no  detailed  thoore.-cal 
analysis  of  tho  dependence  of  deformation  rate  on  stress 
for  the  case  of  diffusion  plasticity  in  a  crystalline  body. 

Some  authors  (5»  17)  note  that  tho  activation  energy 
of  plastic  deformation  at  creep  Is  close  in  magnitude  to 
that  of  diffusion  (self-diffusion) ,  On  the  basis  of  this 
fact,  they  conclude  that  In  the  case  of  creep  tho  funda¬ 
mental  role  is  played  by  diffusion  plasticity, 

I,  A.  Odlng  (4)  accepts  the  linear  dependence  of  tho 
activation  enorgy  of  the  diffusion  plasticity  on  stress, 
assuming  that  the  activation  energy  decreases  with  Increase 
in  stress.  In  fact,  we  can  expect  that  tho  change  In  the 
specific  volume  caused  by  the  superposition  of  stresses 
must  manifest  Itself  on  the  magnitude  of  the  activation 
energy;  in  other  words,  that  the  activation  energy  will 
depend  on  that  part  of  the  tensor  of  stresses  that  causes 
tho  change  of  the  volume.  It  may  further  be  assumed  that 
the  dependence  of  the  activation  energy  on  stress  can  be 
expressed  In  the  first  approximation  by  a  linear  function. 
Theoretically,  however,  the  order  of  the  magnitude  of  the 
term  depending  on  stress  and  appearing  in  the  expression 
for  the  activation  energy  is  absolutely  vague.  In  other 
words,  the  question  of  how  strongly  tho  magnitude  of  acti¬ 
vation  energy  for  tho  process  of  diffusion  plasticity 
(diffusion  process)  must  depend  on  stress  remains  obscure. 

It  can  be  assumed  that  this  dependence  must  bo  weak. 
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I.  Ya.  Dokhtyar  (30)  suggested  the  following  form  of 
an  expression  for  the  dependence  of  tho  rate  of  diffusion 
plasticity  on  temperature  and  stress; 

Up.  =  2  ?  Koe  RTshjriX^,  (1) 

b  2RT 

where  Ug  Is  the  flow  rate  or  the  rate  of  diffusion  plasticity; 

iS  Is  the  distance  between  the  Initial  (equilibrium) 
position  of  tho  atom  and  the  vertex  of  the  potential 
bar lor; 


Kq  is  the  magnitude  depending  on  the  frequency  of 
atomic  vibrations; 

Is  the  activation  energy  of  the  self-diffusion 

process ; 

R  is  the  gas  constant; 

T  Is  the  absolute  temperature; 

<5  is  the  (Internal)  effective  stress  in  the  moving 
atoms; 


is  the  volume  of  crystal  to  suit  one  gram- atom; 
e  Is  the  base  of  natural  logarithms. 

We  will  Introduce  the  designations 

A  =  2  ^  Kq  ;  >7  =  ceV^  o/2Qi ; 

where  Is  the  yield  strength  at  slip  when  T  »  0°;  =  oc6, 

where 


and 


S  is  the  external  stress  acting  upon  the  specimen; 


-‘i  Is  the  coefficient  of  local  overstrain. 

After  some  transformations  and  taking  logarithms, 
wo  obtain  tho  dependence  of  the  log  of  plastic  deformation 
rate  on  stress. 
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Figure  1.  The  relationship 
between  the  log  of  plastic 
deformation  rate  and  stress, 
determined  from  Expression 
(2)  for  Qi/RT  =  24,  /?  =  1 
and  /7  =  10** 3  (continuous 
lines  correspond  to  the 
upper  scale  on  the  axis  of 
abscissas,  dotted  lines 
correspond  to  the  lover). 

For  the  values  log  Ag/2  ss  10;  Qi/RT  =  24;  »^  =  1, 
the  curve  which  depicts  Ebcpression  (2)  is  given  In  Figure 
1.  If  T  =  constant,  then,  as  obvious  from  Figure  1,  in 
changing  by  one  order  (In  the  region  of  small  stresses), 
the  log  of  deformation  rate  decreases  approximately  by 
unity.  In  the  region  of  hl^  deformations  the  log  of 
doformation  rate  rapidly  descends  with  the  reduction  in 
stress,  varying  almost  linearly.  If  we  take/4?=  10~3 
and  the  same  value  of  Qi/RT  as  above,  then  with  the 


Figure  2.  Schematic 
graph  of  the  relation¬ 
ship  between  the  log 
of  deformation  rate 
and  the  reciprocal  of 
the  absolute  tempera¬ 
ture;  Log  A  Is  the 
initial  ordinate. 
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r’decllne  In  stress  by  one  order  the  log  of  deforaation 
rate  will  descend  over  the  entire  considered  region  of 
stresses  (6^  by  one  logarithmic  unity  {Figure  1), 

From  the  viewpoint  of  kinetic  theory,  the  constnat 
Is  proportional,  on  the  one  hand,  to  the  number  of  sites, 
where  the  elementary  acts  of  plastic  deformation  may 
originate,  and,  on  the  other  hand,  to  the  mean  quantity 
-  of  macroscoplcally  observed  plastic  deformation  which 
corresponds  to  the  course  of  one  elementary  act. 

Let  ua  now  etop  to  consider  the  experimental  deter¬ 
mination  of  the  activation  energy  and  the  constant  A^. 

If  in  the  expression  for  the  process  rate  there 
appears  only  one  exponential  term  which  depends  on  the 
reciprocal  of  the  absolute  temperature,  then  the  dependence 
under  consideration  in  the  coordinates  —  log  of  rate  and 
rselprocai  of  temperature  —  is  depicted  by  a  straight  line, 
vhiose  tangent  of  the  Inclination  angle  is  proportional  to 
the  activation  energy  and  the  initial  ordinate  gives  the 
value  for  Log  A  (Figure  2),  In  an  experimental  determina¬ 
tion  of  these  values  for  any  process  we  usually  plot  on 
tVie  graph  th-3  log  of  the  process  rate  on  the  axis  of  the 
ordinates,  and  plot  the  reciprocal  value  of  absolute 
temperature  on  the  axis  of  abscissas.  Then  after  locating 
on  the  graph  the  absolute  value  of  the  tangent  of  inclina¬ 
tion  angle  which  equals 

(3) 

r 

we  obtain  the  experimental  value  of  the  activation  energy 
from  the  expression 

— ir--  (4) 

The  experimental  value  of  the  constant  Ae  is  found 
from  the  same  graph  by  determining  the  initial  ordinate 
which  is  equal  to  the  Log  A^.  For  Instance,  for  the  case 
of  diffusion  plasticity,  described  by  Eq.  (2),  we  have 
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It  is  obvious  from  Figure  3  that  in  this  case 
-Log  A^>  will  descend  with  the  reduction  in  stress,  varying 
approximately  by  one  logarithmic  unity  when  the  stress 
changes  by  a  factor  of  10. 

Let  us  now  examine  the  relationship  betvreen  the 
deforaiatton  rate,  the  stress,  and  the  temperature  for  the 
case  of  deformation  by  slip. 

Sxperlmentaly,  for  monocrystal line  specimens,  l.e., 
In  the  Case  when  there  is  minimiim  participation  of 
diffusion  plasticity,  we  observe  a  strong  dependence  of 
the  activation  energy  on  stress  (31,  32).  In  particular, 
G.  N.  Kolesnikov  (31),  while  investigating  the  flow  of 
aluminum  monocrystals  of  approximately  the  same  orienta¬ 
tion,  found  that  the  activation  energy  for  the  slip  pro¬ 
cess  varies  from  20,600  cal/mole  at  a  shearing  stress  of 
600  g/inin2  to  72,000  cal/mole  at  a  stress  of  130  g/mm*-. 

It  follows  from  this  that  In  the  case  of  slip  the 
activation  energy  strongly  increases  with  the  reduction 
in  the  applied  stress;  moreover,  the  values  of  the  activa¬ 
tion  energy  which  correspond  to  small  stresses  obviously 
exceed  the  activation  energy  of  the  process  of  self- 
cilffuaion*';  according  to  the  indication  In  literature, 
this  activation  energy  for  cdumlnum  is  equal  to  37,500 
cal/g-atom  (17). 

Present  theoretical  conceptions  of  the  process  of 
slip  also  lead  to  a  strong  dependence  of  the  activation 
energy  on  stress. 


*rhe  activation  energy  of  the  process  of  self-diffusion 
la  obviously  determined  without  taking  Into  account  the 
jcyollc  diffusion  (53)*  J 
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Figure  3^  Relationship 
between  value  of  log  Ae 
and  stress*  determined 
from  Expression  (6)  for 
qI/RT  =:  24  and/?  =  1. 


As  an  example,  let  ue  examine  the  Bekker-Orovan 
equation  (34),  since  this  Is  the  simplest  of  a  number  of 
expressions  suggested  by  various  authors,  and  since  the 
analysis  of  other  relationships  produced  results  >dilch 
are  not  much  different.  Slightly  modified,  this  express¬ 
ion  will  be  written  as  follows: 


f/c  =  Ac 
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where  Ug  =  the  rate  of  plastic  deformation  by  slip; 

Ag  =  the  constant  proportional  to  the  nimber  of 
sites  where  elementary  acts  of  slip  may  originate  and  the 
constant  of  the  mean  macroscopic  deformation  of  the  sped 
men  corresponding  to  the  course  of  one  elementary  act; 

V  =  the  volxime  covered  by  the  variation  In  stress 
6i  =  theoretical  shearing  strength; 
d  Q  ~  yield  strength  at  absolute  zero  temperature; 

6  -  effective  stress; 

Gr  r:  nodulufi  of  tangential  elasticity; 


k  =:  Boltzmann  constant; 


r 


1 


T  =  absolute  temperature; 
e  =  the  base  of  natural  logarithms, 

w*  .V  ^ 

We  will  Introduce  the  designations  =  ~ 

where  =  the  activation  energy  of  the  process  of  slip 
at  zero  stress; 

N  -  Avogadro's  number; 

R  =  universal  gas  constant. 

After  a  few  transformations  and  taking  logarithms, 
we  obtain  the  expression 


o 


(8) 


where 

Q- 

' '  ~  hf 

The  general  course  of  the  log  of  rate- stress  curve 
at  a  constant  temperature  la  shown  In  Figure  4;  In  plotting 
this  graph,  we  assumed  the  values  of  log  A^  =  10  and  B  = 

=  hO. 


In  all  our  further  discussions,  we  will  consider 
the  given  constant  value. 


log 


i 


Figure  4.  Relationship 
between  the  log  of  plastic 
deformation  rate-stress, 
determined  from  Expression 
(S)  (the  continuous  line 
corresponds  to  the  upper 
scale  on  the  axis  of 
abscissas,  the  dotted  line 
to  the  lower). 
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'  As  caJi  be  seen  from  the  graph,  in  the  region  of 

relatively  high  streeaes  there  ia  a  strong  (close  to 
parabolic)  dependence  of  the  log  of  plaswle  deformation 
rate  on  stress.  But  in  the  region  of  relatively  email 
atroaaea,  the  trend  of  the  ciirve  I3  similar  to  the  trend 
of  the  curve  examined  earlier  for  the  case  of  diffusion 
plasticity,  particularly,  as  the  stress  changes  by  one 
order,  the  log  of  the  plastic  deformation  rate  varies  by 
-one  logarithmic  unity. 


It  Is  interesting  to  note  that  when  only  one  type 
of  process  (diffusion  plasticity  by  slln;  occurs,  ihf?  do- 
r'e-idence  curve  of  the  log  of  rate  on  stress  has  a  curva- 
1' ire  of  one  sign,  and  Ita  convexity  faces  r/ne  posit ive  di¬ 
rection  of  Iho  axis  of  ordinates. 


t 


the  theoj'*? 


In  accordauice  with  the  fundamental  propositions 

of  slip,  the  activation  energy,  i.e.,  the  value 
proportional  to  the  miniaum  Isothermic  work  necessary  for 
the  origination  of  one  elementary  act,  is  expressed  ss 
follows:  Qo  (i  -  d/cr^)2.  In  other  words,  the  activation 
energy  must  rapidly  increase  with  the  reduction  of  applied 
stress;  specifically,  accordiiig  to  the  parabolic  low. 
Within  the  bounds  of  this  theory,  this  dependence  will  be 
the  actual  dependence  of  activation  energjf  on  applied 
s  t  r  a  cr  b  . 


Meanwhile,  if  we  are  to  determine  the  activation 
energy  experimentally  from  the  t&ngont  of  the  inclination 
angle  of  the  curve  of  the  log  rate  of  plastic  defoi-miatlon 
vs.  the  reciprocal  of  temperature,  we  obtain  a  different 
relationship  between  the  activation  energy  and  stress  even 
if  we  remain  within  the  bounds  of  this  theory.  This  la 
explained  by  the  I’act  that  Forpresslon  (7)  contains  two 
exponential  texmas  v/hlch  depend  on  temperature.  The  range 
of  the  temperature  variation  within  which  the  tests  are 
conducted  ia  usually  not  wide,  and  with  the  variation  ef 
the  temperature  within  that  range  Expression  (8),  depicted 
in  coordinates  (LogtT,  1/T),  will  differ  little  from  a 
straight  line.  It  would  therefore  appear  that  i-he  magnitude 
of  activation  energy  deterialned  from  the  taxigent  of  the 
inclination  angle  would  give  the  true  dependence  of  the 
activation  energy  on  stress.  However,  this  is  not  so. 

In  fact,  let  us  determine  the  activation  energy  from 
Expression  (8),  using  Expressions  (3)  and  (4).  Then,  for 
Qe  which  will  be  thus  de-termined  and  will  further  be 
called,  conventionally,  "effective"  activation  energy  — 
r^e  obtain:  J 
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Particularly,  In  an  extreme  case  of  a  stress  tending  to 
soro,  vre  will  have 


lim^0  — 


Qo-RT<Q, 


-1-.0 

On 


(10) 


It  is  already  obvious  from  the  latter  relationship  that 
(within  the  bounds  of  this  theory)  the  activation  energy 
determined  frcra  the  tsuigent  of  the  inclination  angle  will 
be  leas  than  the  true  value  of  the  acti/ation  energy. 

Figure  5  shows  the  trend  of  the  curve  for  ratio 
Q.o/^0  "VB.  ratio  d/d'^  calculated  for  various  values  of 
P'>raiaeter  B.  The  dotted  curve  depicts  the  trend  of  the 
"true”  activation  energy  (its  further  extent  shows  that 
its  trend  coinoides  with  the  trend  of  the  curve  referred 
to  for  the  value  B  =,*  20). 


Figure  5.  The  relation¬ 
ship  between  the  activa¬ 
tion  energy  and  the 
stress,  determined  from 
the  Bekker-Orovsja 
Expression  (8)  for 
various  values  of 
parameter  B, 


J 
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r  The  following  conclusions  can  be  loade  from  examl'- 

nation  of  this  graph:  (1)  the  "true"  as  well  as  the 
"effective"  activation  energies  Increase  with  the  decrease 
In  stress;  (2)  the  lower  the  value  of  parameter  3  and  the 
lower  the  stress,  the  more  the  "effective"  activation 
energy  deviates  from  the  "true". 

Assuming  that  Expres  ,  Is  valid,  our  dls- 

.  cueslons  show  the  following: 

(1)  the  "true"  activation  energy  can  either  be  equal 
to  or  greater  (but  not  smaller)  than  the  "effective"  acti¬ 
vation  energy  determined  from  the  tangent  of  the 
inolinatiott  angle; 

(2)  the  "effective"  activation  energy  will  be  the 
closer  to  the  "true"  activation  energy  as  the  stress  la 
the  higher  and  the  parameter  B  the  greater,  l.e.,  the  lower 
the  temperature  in  comparison  with  the  Qo/^  value.  3e- 
slaea,  it  follows  from  the  above  discussions  that  in  using 
activation  energy  values  determined  froiti  experimental  data 
vre  muet  be  cautious  in  Judging  the  validity  of  either 
theory  i^ien  there  Is  reason  to  assume  that  the  rate  of  the 
process  under*  study  cannot  be  expressed  by  one  exponential 
term  which  depends  on  temperature. 

Analogous  discussions  can  proceed  concerning  the 
lultlal  ordinate  log  Ae*  Indeed,  aa  has  already  been  said, 
in  considering  the  dependence  of  the  log  of  rate  on  the 
r<>clp?’Ocal  of  temperature  in  a  narrow  interval  of  tempera¬ 
tures,  we  will  obtain  for  each  value  a  segment  of  the 
straight  line.  Oontinuing  these  segments  to  their  inter¬ 
section  with  the  axis  of  ordinates,  we  will  be  able  to  de¬ 
termine  the  value  of  the  initial  ordinate  log  A^  for  every 
stress.  Generally  speaking,  these  values  will  not  repre- 
aent  constants  and  will  depend  on  the  magnitude  of  stress. 

The  initial  ordinate  (see  Figure  2)  can  be  determined 
from  the  follovirig  expression: 


ige  -f  ]gU. 


(11) 


lx  we  uae  Expreseious  (8)  and  (9),  we  can  determine  the 
dependence  of  log  A^/Aq  on  stress  for  our  case  in  the  form 

L.  J 
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Within  the  bounds  of  th©  theory  under  consideration, 
Ao  Is  an  essentially  constant  value;  the  dependence  of 
-log  Ae/Ao  on  stress  vlll,  therefore,  characterize  the 
dependence  of  A©  on  stress. 

Figure  6  shows  the  relationship  between  log  Ae/Ao 
am  stress  for  various  values  of  parameter  B.  It  follows 
from  the  graph  that  if  the  theoretical  notions  under 
consideration  are  correct,  the  experimentally  deterinined 
initial  ordinate  log  A^  for  the  case  of  slip  must  decrease 
at  a  relatively  low  rate  with  the  ror^uctlon  in  stress. 

This  ordinate  remains  approximately  constant  in  the  region 
of  high  stresses  but  decreases  in  the  region  of  low 
sitressea  by  one-  logarithmic  unity  with  the  variation  in 
stress  by  one  order;  l.e.,  just  as  this  takes  place  in  the 
ftfirller  case  of  diffusion  plasticity.  In  other  words,  in 
both  cases  the  value  Aq  must  not  decrease  more  rapidly 
than  stress. 


Figure  6,  Relationship 
between  log  Ae/Ao  and 
^stress,  determined  from 
Expression  (12)  for 
various  values  of 
parameter  B. 

Let  us  turn  now  to  the  case  of  Joint  simultaneous 
[Participation  of  two  processes  In  plastic  deformation:  J 
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fallp  and  diffusion  plasticity 


“1 


Aasuming  that  the  resultant  rate  cf  plastic  defor- 
K  'riLion  U  equals  the  sum  of  rates  of  oouh  processes,  we 
obtain 


U  Uc  -f 


(13) 


Dsing  for  Uq  and  Ug  Expressions  (7)  and  (1)  and 
introducing  designations 


■t  Q. 


C,  we  obtain 
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After  some  transformations  and  taking  a  logarithm, 
we  finally  obtain 


hu  =--  + igfi  -  ■r‘"’-)+ 


1-i - .  ‘ _ I 


(15) 


As  an  example.  Figure  7  gives  the  trend  of  tha 
carve  for  log  of  total  derormatlon  rate  vs,  stress  (to  be 
more  exact,  vs.  relation  67<^^)  at  a  constant  temperature. 
Ir;  calculating  the  trend  of  t^iils  curve,  the  following 

values  were  assumed:  log  An  =  10:  3  =  80;  C  =  0.5; 

'  —  T  elO 
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Figure  7.  The  relationship 
between  the  log  of  plastic 
deformation  rate  and  stress, 
determined  from  Expression 
(15)  for  the  aimultaneous 
courss  of  two  processes 
;b  =  30;  A'  =  lOlO;  c  =  0.3; 
log  Ao  =  10;  /7  =  1  and 
A  =  10-3}. 


As  can  bo  seen  from  the  graph,  the  individual 
Bogments  of  the  given  curve  have  curvatures  of  different 
signs,  in  contrast  to  the  curves  examined  before  (see 
Figures  1  and  4),  In  other  words,  the  curve  which 
corresponds  to  the  slaultanecus  course  of  both  processes 
(diffusion  plasticity  and  slip)  has  a  sector  whose  con¬ 
vexity  faces  the  negative  direction  of  the  axis  of  ordl- 
mtes. 


Determining,  just  as  before  —  according  to  Sqs. 
(3)  and  (4)  from  Expression  (15)  —  the  magnitude  of 
"effective'*  activation  energy  Q®,  l.e.,  the  magnitude  of 
activation  energy  determined  from  the  tangent  of  the  in¬ 
clination  angle  of  the  small  sector  of  '•he  curve,  we 
|Obta:n 
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’fn en  6V<^'o 0,  the  liait  val.uo  of  thla  expression 
v/111  equc.! 
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It  is  appropriate  to  i-eislnd  here  of  the  physical 
-•■ierjilnr,  of  ti'.e  pai'aceters  appearirig  in  Expreeslons  (16) 


-  i  /  ' 


~  k^f is  the  rela'Aon  of  the  maxlEuai  pose 
Vilucs  for  the  rite  of  alip  and  diffusion  plasticity; 


Ible 


i  -  Qo/^'7  1.-5  the  magnitude  reciprocal  to  the  abso~ 
lute  ttTOiperriture  o  ■'  u  >■  experiment  at  the  given  value  of 

‘-■o 

0  -  w,x/Qo  Is  the  rslytion  of  the  values  of  the 
:—tlvat j on  energy  of  diffusion  plastioity  and  slip,  at 
i-Li-esses  equal  to  zero  aijd  at  absolute  temperature;  and 

is  the  magnitude  proportl orial  to  the 
ecefficlont  of  local  overstrain  at  given  values  for 

6^;,,  and 

In  rartlcjular ;  the  value  1  corresponds  to 
the  local  stresses  of  tine  order  of  the  so~called  theoreti- 
•'ei  shearing'  strer.g:th,  i.e.,  the  order  that  is  numerloally 
close  to  the  modulus  of  tangential  elasticity;  the  value 
/4  ~  10“3  corresponds  to  the  local  stresses  which  are  of 
tho  same  order  of  magnitude  as  the  aacroscopleally  applied 
Gti'ess. 

.  Without  going  into  a  detailed  analysis  of  this  - 
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^xpr«8Bion,  we  will  only  point  out  that  the  "effective" 
activation  energy  that  corresponds  to  the  values  of  a 
stress  close  to  zero  satisfies  the  condition 


l.e.,  this  energy  Is  not  less  than  -  RT. 


if 


Figure  8.  Dependence  of 
activation  energy  on  stress 
determined  from  Expression 
(16)  for  simultaneous  course 
of  two  processes  (B  =  80; 

«  “  0*3;  M"  1  ®-t  various 
values  of  A'), 


Figure  9,  Dependence  of 
activation  energy  on  stres 
determined  from  Expression 
(16)  for  simultaneous 
course  of  two  processes 
(B  =:  80;  C  «  0.3; 

/4=  lO'^  at  various 
values  of  A*), 


Figures  8  and  9  give  curves  depicting  the  depen¬ 
dence  of  the  "effective"  activation  energy  on  stress  for 
two  values  of  parameter  /?(/?=!  and  ^  =  10-3)  and  for 
YsriouG  values  of  parameter  A*  (from  A'  =  10**3  to  A*  = 

-  1030).  The  values  of  parameter  A*,  which  correspond  to 
the  carves,  are  plotted  next  to  them.  When  A'  =  1030, 
1.0.,  Aa  -  1030  (or  Ae^^A^),  thero  is  an  absolute  pre¬ 
dominance  of  the  slip  process.  In  this  case  (see  Figures 
{6  and  9),  Qe/^o  consequently,  the  "effective" 
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•  activation  anergy  monotonously  IncreaEtiS  with  the  reduct-*^ 
Ion  in  Btresa.  For  atressea  close  to  zero,  Q  approaches 
the  value  equal  to  (io  -RT,  l.e.,  for  stresses  that  differ 
little  from  zero,  the  "effective"  activation  energy  is 
close  to  the  value  of  the  activation  energy  of  a  process 
of  slip  equal  to  zero. 

When  A  -■  10”^®,  l.e.,  when  An  =  10“-^^ A «  (or 
,  Ag^Ay),  and  there  la  an  absolute  predominance'^of  the 
process  of  diffusion  plasticity,  the  process  of  slip  does 
rot  j.'anlfest  Itself.  If  tli-e  magnitude  of  the  local  stress- 
o  :  Ic  of^the  same  order  as  the  externally  applied  stress 
(O'- -  lO"-';  see  Pigure  9),  then  the  dependence  of  or 

ifi  the  considered  variation  of  stresses  .-^1 ) 

io  depicted  by  a  horizontal  atraiglit  line. 


Figure  10.  The  relation¬ 
ship  between  the  activation 
energy  and  stress,  deter- 
iclned  fro”i  Expression  (16) 
for  a  eimultaneous  course 
of  two  orocesses  (A’  r 
=  1020,  c  =  0.3  btA 
'  10“3  for  various  values 
of  quantity  3). 


Figure  11.  The  relation¬ 
ship  between  the  activation 
energy  and  stress,  deter¬ 
mined  from  Expression  (16) 
for  the  simultaneous 
course  of  two  processes 
(A*  =  1050,  c  =  0.3  and 
=  1  for  various  values 
of  quantity  B) . 


^  ^  In  other  words,  for  all  values  of  stress  (0^  <^' 4 

f-  o^),  the  "effective"  activation  energy  is  close  to  the 
value  of  the  activation  energy  of  diffusion  plasticity 
tli:  an  unstressed  material  at  an  absolute  zero  temperature.! 
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*l’or  the  case  -^=1  which  correeponds  to  high  local 
stresses,  Qe/Qo  monotonoualy  Increases  with  the  decrease 
111  Figure  8;  A'  =  10“ 30), 

With  the  decrease  In  stress,  the  "effective"  activa¬ 
tion  energy,  which  In  this  case  la  close  to  the  value  of 
the  activation  energy  of  diffusion  plasticity,  Increases 
and  when  6/d^Q  =  O,  It  reaches  the  value  equal  to  Qi  -RT, 
-l.e..  It  becomes  close  to  the  value  of  activation  energy 
In  an  unstressed  material. 

At  values  of  A'  =  10^®  and  A'  =  10^®,  l.e..  In 
cases  when  there  la  no  absolute  predominance  of  any  of  the 
processes  of  deformation  (either  slip  or  diffusion  plasti¬ 
city),  the  curves  showing  the  dependence  of  Q^/Qo 
have  a  maximum.  The  right  segment  of  these  curves  (where 
Q-e/^  Increases  with  the  reduction  in  stress)  coincides 
on  its  either  greater  or  smaller  extension  with  the  curve 
corresponding  to  the  absolute  predominance  of  the  process 
of  slip,  ifith  a  further  decline  In  stress,  the  curve 
showlixg  the  dependence  of  Q^/Qo  goes  down  and, 

1)1  the  case  where  the  values  of  A*  are  not  too  high,  It 
energes  on  the  curve  that  corresponds  to  the  absolute 
predominance  of  the  process  of  diffusion  plasticity.  When 
the  stress  is  zero,  the  "effective"  activation  energy  can 
have  values  ranging  between  Qx  -  RT  and  Qo  ”  depending 
on  the  raagnltude  of  parameter  A' . 

Figures  10  and  11  give  curves  showing  the  dependence 
of  the  "effective"  activation  energy  on  stress  for  two 
values  of  parameter/?  (/7=  1  and^  =  10“3)  and  for  various 
values  of  parameter  B  (from  B  =  5  to  B  =  320).  When  the 
values  of  this  parameter  are  high  (B  =  320,  160,  and  30), 
the  curves  showing  the  dependence  of  Qe/^io  <^/^o  have  a 
maximum  whose  width  and  height  grow  with  the  reduction  in 
i-he  value  of  B.  When  the  values  of  B  are  20  and  5»  the 
trend  of  the  considered  curves  coincides  with  the  trend 
of  those  corresponding  to  an  absolute  predominance  of  the 
process  of  slip.  When  the  stress  Is  reduced  to  zero,  the 
limit  value  that  the  "effective"  activation  energy  Qe 
tends  to  then  depends  on  the  magnitude  of  parameter  3  (if 
the  parameter  A*  is  constant).  In  the  case  where  the 
values  of  parameter  B  are  high  (B  =  320  and  B  =  160),  l.e., 
when  “the  limit  value  coincides  with  the  value 

Qp  -  RT,  l.e.,  the  limit  value  Is  close  to  the  activation 
energy  of  the  process  of  self-diffusion  at  a  stress  equal 
to  zero.  If  the  values  of  3  are  low  (B  =  20  and  B  =  5), 

(the  limit  value  equals  Cio  “  !•©•»  close  to  the  J 
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Hactlvatlon  energy  of  the  process  of  slip  at  a  stress  equal? 
to  zero.  "When  the  values  of  B  are  intci-iaediate  (B  =  30) « 
the  limit  value  lies  between  q  -  RT  and  Q„j  -  RT. 


H'l-i'-Ave  12.  The  relationship 
between  the  activation  energy 
and  stress,  determined  from 
Ibcpression  (16')  for  the 
simultaneous  course  of  two 
processes  (a'  -  10^0,  b  - 
=  30,  and  =  10“  3  for 
various  values  of  quantity 


Figure  13.  The  relation¬ 
ship  between  the  activa¬ 
tion  energy  and  stress, 
determined  from  Expression 
(16)  for  the  Rlmultaneous 
course  of  two  processes 
(a’  =  1020,  B  =  30,  and 
XJ  =  1  for  various  values 
of  quant. l-oy  C). 


Figures  12  and  13  give  curves  showing  the  dependence 
of  Qe/Qp  ont'/^o  values  of  parameter  Xi  ~  1  aJid 

Af  10“3)  and  for  three  different  values  of  parameter  G 

(G  0.1,  0.3,  and  1).  Hat ur ally,  there  Is  a  maximum  only 

for  the  carves  corresponding  to  the  values  of  C  -  ^i/i4o<l» 
i,e.,  In  the  case  where  the  value  of  the  activation  energy 


of  diffusion  plasticity  (at  an  absolute  temperature  and 
etreuses  equal  to  zero)  la  less  than  the  value  of  the 


•hi  '•  w- 


at/i on  energy  of  the  process  of  slip  that  corresponds 


to  the  same  condition. 


In  completing  the  above  ccndltions  (when  C<1,  and 
ruf'-  parameters  B  and  A  are  not  too  high  and  net  too  low),  J 
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•“and  ae  the  stress  decreases  the  ’’effective"  activation 
e''.erg;y  must  first  Increase,  pass  tnrou^h  the  niaximuin,  and 
'h'?;})  decrease,  gradually  approaching  certain  licit  value. 
Jucl!  a  dependence  of  the  activation  energy  on  the  variation 
in  stress  is  natural.  In  the  presence  of  several  pro- 
ceeaes  poseessins  various  activation  energies  (and  a  vary- 
liig  dependence  of  activation  energy  on  stress),  the 
experimentally  observed  value  of  the  activation  energy  will 
-be  closer  to  the  value  of  the  activation  energy  of  the  pro¬ 
cess  th:?,t  will  be  predominant  under  these  condltlonG. 

If  both  the  temperature  and  the  value  of  stress 
are  given,  a  relative  share  of  the  total  rate  of  plastic 
deformation,  which  depends  on  the  course  of  either  pro- 
certs,  will  be  determined  by  the  value  of  the  activation 
energy  of  this  process  st  the  given  stress,  by  tVio  great- 
est  nnmtaer  of  sites  where  the  elementary  act  of  the  pro- 
ce.'is  can  originate,  and  finally,  by  the  magnitude  of  inacro- 
r'coplc  deformation  that  results  during  the  occurrence  of 
ore  elementary  act.  In  examining  the  trend  of  the  curve 
i:g  A^/Az  for  the  case  of  a  simultaneous  participation  of 
uhe  processes  of  slip  and  diffusion  plasticity  according 
to  depression  (11),  we  obtain 


Ik  -  '  = 


(18) 


P’igure  14,  The  relationship  between  the  val-ue 
log  Ag/Ag  and  stress,  determined  from  Expression 
(18)  for  the  simultaneous  course  of  two  pro¬ 
cesses  (B  =  8o,  C  =  0,1,  A  =  1,  and  A  =  10"3). 
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As  An  example,  Figure  14  shows  the  trend  of  curve 
of  log  Ae/Aa  vs.  o'/s'o  parameter  values:  B  =  80, 

A-  10,  C  =  0.1,  log  Ag  =:  10,  =  1  and  A  =  10“3.  From 

M  ox^jalnation  of  this  graph,  we  can  see  th^t  log  A<=i/As 
does  not  vary  at  first  with  a  reduction  In  stress;  then 
it  begins  to  decline,  and  with  a  realtlvely  small  varla-* 
tloa  In  atr0i-.3,  shows  a  variation  by  several  logarithmic 
unities  which  corresponds  to  the  decrease  of  log  Ae/Ag 
-by  several,  orders.  In  other  worvis,  with  the  participation  - 
of  two  processes,  the  value  A^/Ag  can  strongly  decline  with 
a  alight  variation  In  stress;  this  has  not  been  observed 
in  the  cases  Involving  the  course  of  one  of  the  processes 
stud  1  od  pre V 1  ou  ol y . 

Of  course,  the  dlacusalone  cited  In  this  article 
have  only  a  qualitative  nature.  They  show,  however,  that 
the  experimental  study  of  the  dependence  of  the  rate  of 
plastic  deformation  and  the  activation  energy  on  Btreaa 
m&y  produce  information  nec&sanry  for  the  evaluation  of 
the  laschanism  of  the  processes  partiwlpatl.ng  in  plastic 
deformation. 

On  the  mechania.®  of  plastic  deformation  during 
the  relaxation  of  stresses 

-The  above-cited  discussions  do  not  talce  into 
account  the  variation  in  the  state  cf  the  material  during 
the  process  of  deformation.  In  other  words,  the  above 
relationships  are,  as  a  matter  of  fact,  valid  for  a  case 
when  the  state  of  the  material  remains  constant  in  the 
process  of  deformation. 

Inasmuch  as  the  magnitude  of  plastic  deformation 
occurring  during  the  process  of  relaxation  of  stresses  is 
SHsll,  we  may  assume  that  the  state  of  the  material 
eh.iirsges  little  In  the  process  of  testing  for  relaxation 
fUid,  consequently,  will  have  little  bearing  on  the  be¬ 
havior  of  the  material  during  testing.  In  this  connection, 
the  dependences  determined  from  the  data  of  the  relaxation 
tests  will  quite  sufficiently  satisfy  the  conditions  of 
constancy  in  the  state  of  the  material  in  the  prccf.sa  of 
deformation. 

To  determine  the  dependence  of  the  rate  of  plastic 
de.forffiatlon  and  the  activation  energy  on  stress,  we  used 
the  results  obtained  In  testing  specimens  of  SI-395 
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rh©  apeclmeria  were  tested  oa  the  rachlnee  deslgaed 
bj  the  UFAN**  (Academy  of  Sciences,  Ui'al  branch)  at 
varions  teaiperatures  rar^glng  from  665  to  790®  and  at  an 
Initial  stress  equal  to  11  thvs  duration  of  the 

tests  amounted  to  ICO  hours. 

The  selection  of  this  stoel  was  justified  by  the 
following  oonalderatlons: 

1.  The  KI-395  steel  has  a  high  yield  strength 

( about  22.8  ^t  750®);  the  Initial  stress  of  li 

k;;;/irjtt2  for  all  testing  temperatures  was,  therefore,  far 
below  the  yield  strength. 

2.  The  fact  that  the  specimen  material  of  this 
steel  was  submitted  to  a  preliminary  deformation  at  room 
temperature  was  contributory  in  the  sense  that  It  ensured 
to  a  coneiderabls  degree  the  occurrence  of  possible  aging 
processes  during  the  continuous  heat-up  of  the  specimen 
before  the  teat.  This  has  reduced  a  possible  distorting 
influence  of  aging  on  the  test  results. 

3.  For  this  steel,  there  were  data  available  (35) 
In  literature  on  the  value  for  the  modulus  of  normal 
elasticity  for  the  temperatures  employed  In  our  tests. 

In  order  to  plot  the  relationships  sought  for.  It 
was  necessary,  first  of  all,  to  determine  the  dependence 
cf  the  rate  of  relaxation  on  the  operating  stress  from 
the  initial  diagrams  for  relaxation.  The  determination 
of  the  relaxation  rate  directly  from  the  initial  diagrams 
can  lead  to  great  errors  in  determining  the  rate  value. 

As  a  matter  of  fact,  on  the  diagram  tsectors  corresponding 
to  high  relaxation  rates,  the  curve  is  at  a  slight  angle 
zo  the  axis  of  loads;  on  the  sectors  corresponding  to  low 
relaxation  rates,  the  curve  makes  a  small  soagle  with  the 
time  axis. 


*The  testing  of  this  steel  was  carried  out  In  accordance 
with  the  socialist-collaboration  agreement  with  the  Ural 
Plant  for  Construction  of  Heavy  Maohinery,  imenl 
S,  Ordxhonlkldzio. 

♦^See  the  article  by  S,  Averklyev,  (J.  N.  BToleanlkov, 

A,  I.  Moiseyev,  and  M.  V.  Yakutovlch  in  this  collection. 
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r  It  1q  known  that  the  deteriElnatloa  of  the  taisgent  1 

Tor  anp^lea  involves  great  errors.  We  have  therefore 

ejitl-^yed  the  ruethod  Bogcested  "by  Shevenar  (>o), 

W’lti'  that  end  In  view,  we  have  first  of  all  cieter- 
znined  fro®  the  initial  dlagra-na  the  values  for  the  operat¬ 
ing  stress  cSr  that  had  corresponded  to  the  given  duration 
of  reisj:stlca  t.  We  then  calculated  Its  values  for 
log  (t  t^),  whereas  the  arbitrary  value  was  so 
sei actod  that  the  ueed-up  ralaxatton  curve  superposed  in 
tha  oocrdtnatea  log(t  ■*  tQjj  differed  as  little  as 
possible  frora  a  straight  lino.  Seleetli-ig  the  correapoml- 
Ing  aaale'.--  for  the  stress  and  logCt  +  toT,  v/e  ware  abj 
to  dlspo.'jo  Lhe  replot. ted  curve:  in  i?ach  a  way  as  to  obtain 
ru:.'‘ct  wit','.  the  axla  of  coordinaten?  oi:nilar  to  th.vt  of 

i  n 

i  ^ 

It-  la  evident  that  t?i  these  coordinates  the  tvj"r- 
gent  of  tha  Incilnation  angle  at  this  point  l.s  expreosed 
!-.y  db/d  Iog(p  +  tf, )•  Determining  for  the  replotted  curve 
tsjigente  of  the  inclination  arigieo  at  the  points 
oorrespond.ing  to  the  given  stress  values,  it  is  poseihlrs 
to  obtain  the  essential  values  for  tie  relaxation  rpte 
IV 'th  the  help  of  expression 


ii  I, A  d  k'  if  r 


(■;9} 


The  values  for  the  common  logarltj-.r  of  the  reX.ax.a- 
tv  on  rate  log  dr/dt  were  detoraiiuxi  from  x,'n©  obtained 
ab.c-blut'-^  values  for  the  roiaoratlon  rate  db/dt.  The  data 
ohtnitied  by  processing  the  diagrjvns  for  log  dd/dt  are 
given  ill  Table  1. 

Frexm  the  data  of  this  table  we  plotted  the  deper.- 
dsnee  of  the  rela-catlon  rate  or  the  operating  stress  for 
e,-.:’!"'  tecper&ture  (see  Flgur'e  15}*  The  relatively  wide 
sX’read  of  points  on  the  cux’ve  corresponding  to  750*^  is 
caused  by  the  substautie,!  variation.?,  in  temperature  during 
testing;  these  VArlationa  are  related  to  the  sharp  varla- 
zlon  in  the  voltage  of  the  network. 

The  further  prooeering  has  ir-vo'^vod  only  the 
'Vtb:'?.  of  the  curves  where ^^the  value  for  the  operating 
esreee  hni  exceeded  3  kg/mm-' , 


These  .segments  of  the  curves  were  used  for  the 


1 


fSoterailiiatlon  of  the  valuoa  for  the  rate  of  plastic  defor*^ 
m&tlOE  df/dt  that  oorresponled  to  the  i/iven  values  for  the 
operating  stress.  The  plaatlc  defor'^ation  rate  di/dt  Is 
associated  with  the  relaxation  rate  dd/dt  by  the  relation¬ 
ship 


<i\.  1  (i0 

rfh  ~  /;  t  dt  '  (  20  ) 


^'here  Et  la  the  modulus  of  normal  elasticity  at  testing 

t  e  iiiperature » 

Therefore,  to  determine  the  log  dfc'/dt  we  used  the 
express  ion 

^  (21) 


Since  the  initial  stress  la  approximately  the  same 
;i  a  all  teats,  each  defined  value  for-  operating  stress  also 
fully  agrees  with  a  defined  value  of  total  plastic  defor- 
sskt.ion  experienced  by  the  specimen  at  the  instant  the  given 
T.ulue  of  operating  stress  hes  been  determined.  In  other 
words,  the  values  for  tlie  defcxtaatio;;:  rate  determined  in 
tlie  above  manner  for  various  temperatures  corresponded 
not  only  to  one  and  the  same  operating  stress  but  also  to 
the  same  value  of  plastic  deformation. 

In  calculating  the  values  for  the  log  of  deforma¬ 
tion  rate,  the  curves  corresponding  to  the  testing 
temperatures  795  and  799^  were  combined  into  one,  since 
tho  difference  in  testing  temper  a  tux^e  was  not  great.  For 
this  purpose  the  mean  value  for  the  relaxation  rate  was 
f  rand  from  the  relaxation  rate  values  oorrespondlng  to 
both  curves;  the  rate  of  plastic  deformation  was  than 
calculated  from  the  mean,  value  of  relaxation  rate. 

The  Values  for  log  df^/dt,  so  detormined,  are  given 
in  Table  2.  Figure  15  gives  carves  showing  the  dependences 
of  the-  log  of  the  rate  of  plastic  deformation  cn  the 
operating  stress  for  various  teatir,g  temperatures.  It  Is 
evident  from  Figure  15  that  the  curves  (particularly 
those  corresponding  to  low  temperatures)  have  a  distinctly 
pronounced  segment  whose  convexity  faces  the  negative 
values  of  the  axis  of  ordinates. 
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Tabl&  1 

The  relaxation  of  stresses  in  KI- 
various  t e.’r per atv.res 
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Table  I  (conolUBlon) 

The  relaxation  of  etrefises  in  £I-39:>  steel  at 
various  teaxperatures 
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Table  2 


The  logarithms  of  plastic  deformation  rate  log  df/dt 
in  relation  to  operating  stress  c  asid  testing 
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According  to  the  above  discussions,  this  fact  in¬ 
dicates  the  pa2‘tlcipatloa  of  tvo  processep  in  the  plastic 
defoir^atlcn. 

Figure  16  exhibits  curves  showing  the  dependence 
of  the  log  of  plaatio  deformation  rate  on  the  reciprocal 
of  absolute  temperature  for  various  values  of  operating 
etresc*  Against  each  curve  there  is  a  constant  value  of 
operating  stress,  and,  consequently,  a  constant  value  of 
plastic  deformation  (see  above).  Determining  from  these 
curves  the  value  of  the  activation  energy  we  were  able 
to  construct  the  curvo  for  the  dependence  of  activation 
«.  nervy  on  operating  stress.  The  obtained  values  for  the 
activation  energy  are  summarized  in  Table  3. 
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Table  3 


The  dependence  of 
activation  energy 
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P.tgur©  17  gives  the  curve  shewing  the  experi'* 
mentally  determined  dependence  of  the  activation  energy 
on  the  operating  stress.  The  spread  of  the  experimental 
points  in  constructing  the  dependence  of  log  de/dt  on 
l/T  has  naturally  resulted  in  the  spread  of  values  in 
determining  the  activation  energy,  since  the  rectilinear 
sector  could  ’cave  been  plotted  by  vetIous  methods.  The 
spread  of  values  for  the  activation  energy  on  Figure  17 
l3  plotted  by  vertical  segments. 
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Fig'jj*©  15.  Curves 
of  experimental 
dependence  of  the 
log  of  plastic  de¬ 
formation  rate 
log  d^/dt  on 

BZVe&Bt 
1  cican  - 

=  10.73  kg/mm^, 

•:  797®; 

=  n,75  k6/min2, 

T  =r  750°; 

3  —  0Q  =: 

"  10.52  kg/iam^, 

T  =:  595®; 

4  - = 

=!  11.20  kg/iam^, 

T  -  665®. 


Figure  16.  Curves 
of  experimental 
dependence  of  the 
log  of  plastic  de¬ 
formation  rate 
log  dr/dt  on  the 
reciprocal  of  ab¬ 
solute  temperature 
l/T  at  an  operating 
stress j 

1  —  3  kg/niffi2; 

2  —  4  S?:g/iam|; 

3  —  5  ks/mmj; 
4—6  kg/mmg; 

5  —  7  kg/inm‘=; 
6-8  k|/nun?; 

7  —  9  kg/mm^; 

8  —  10  kg/mm2; 

9  —  11  kg/mm^. 


Figure  17.  The 
experimental 
dependence  of 
activation 
energy  0,^  on 


J 


.  184  . 


^  ^taininlng  the  curve  show’  In  Floure  17  w-o  see  that 

'.-flth  the  decline  in  effective  etreee  t>'e  act i 'cat Ion  energy 
at  first  f?,rov>8,  passoe  t};rcugh  tbs  ipcorioouti,  and  tl.eM  de- 
ci’eaeos.  In  acccrdance  with  the  nctlona  cited  al'oco^  ijcch 
0.  oourse  of  energy  eorrecponds  to  the  pat'ticipatio.r}  in  ohe 
plastic  de  format  Ion  of  two  procoa^i^es  having  different 
ac  it  vat  ion  energy  values  and  a  dJffei’'^rt  depend  once  of  the 
.ctivation  energy  on  6tre'=.c,  At  this  point  the  value  of 
^  activatior.  energy  whlcii  corresponds  to  s  strese  ru-ic  pii 
absolute  temperature,  both  equal  to  zero,  muat  be  consld- 
erably  below  the  value  of  the  activation  «;nergy  of  ti  e 
other  7?rooe£3. 


I  'T 1  i  T 


?i‘05r.  the  eAroriaental  data 
.11)  WQ  de tci'uii  ned  the  \;i_i.ue 


(see  t>io  curves  In 
£  for  the  lnlt.lai  oml 


nauee  log  for  various  values  of  opei'ating  sti-eap 
(X  \cl.c  4),  Figure  shove  the  dependence  of  log  /i,>.  cn 
iff.  operating  atreeo. 


Is  can  be  ceen  from  the  graph  in  Figure  13,  t:;i3 
eve  ia  anaiogous  by  its  :..ature  to  the  c’lx've  for  the 
d  e  rend  one  f  of  actl-vatton  energy  on  strese.  There  is  ao 
•.'■nu’iect. lo): ,  however,  betwcei-  our  prevlcus  discussions  and 
t."o  .increase  in  the  value  of  log  Ae  with  the  reduction  in 
arivat'  <  the  right  sector  of  the  .curve);  tbie  is  obviously 
xicsociated  with  the  lependGnce  of  the  activation  energy 
cr  teivt'crature.  It.  should  be  indicated  that  a  eiinll.ar 
oohavior  of  the  log  value  was  obfjerved  by  G.  N, 

?.'r leon.lkov  (31)  in  atudying  the  flow  in  the  monocry stala 
of  .vlu.?.;- inura,  l.e.,  In  .a  case  vxhere  no  buds t ant ial  partici¬ 
pation  of  the  process  of  diffuslonal  plasticity  could  be 
expected. 
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It  follows  from  what  has  been  said  above  that  the  ^ 
sharp  drop  of  the  log  Ae  value  In  the  left  portion  of  the 
curve  representing  the  dependence  of  log  Aq  on  stresu  can 
r  explained  by  the  participation  in  the  process  of  plastic 
dcfcrrcatlon  cf  two  different  processes.  The  experimentally 
obaerved  decrease  of  log  A®  from  9  to  3  kg/mai^  correeponds 
to  a  decrs&e<=>  of  the  value  Ae  by  It  le  obvious 

that  such  a  stror^;  variation  of  the  viilue  A©  =  Aa/A^  la 
-  attributable  not  so  much  to  the  difference  in  the  va?:.ue3 
of  the  plastic  deformations  correspoi'dlng  to  the  elementary 
act  of  one  or  another  process,  as  to  the  substantial 
difference  in  the  number  of  sites  where  the  elementary 
acts  of  one  or  another  process  may  originate. 

From  this  viewpoint  the  experlmei- tally  observed 
vai’iation  in  the  value  Ae  eubatantlated  the  notions  ac¬ 
cording  to  which  the  elementary  acts  of  clip  can  originate 
in  the  entire  volume  of  the  grain  whereas  the  elementary 
acta  of  diffuaional  plasticity  can  originate  for  the  moat 
Pi:irt  only  I25  the  grain  regions  having  a  distorted  crystal 
lattice  (such  as  the  intergranular  zones,  etc.). 

Conclusions 

iiuinni arizing  the  above,  we  arrive  at  the  following 
conclusiOE.0. 

1«  The  experimentally  determined  dependences  of 
the  rate  of  plastic  deformation,  activation  energy,  and 
the  value  leg  A^  on  stress  during  the  relaxation  of 
otresnoa  can  be  explained  if  we  proceed  from  the  notions 
m  T.be  participation  of  two  processes  in  plastic  de forma¬ 
ts  on.  At  this  point  we  must  admit  that,  at  stresses 
cioj^e  to  zero,  the  activation  energy  of  one  of  the  pro- 
cosaeii  must  bo  lower  than  that  of  the  other  processes, 

2.  On  the  basis  of  present  conceptions  of  the 
physics  of  the  mechanisms  of  plastic  deformation,  it  is 
Drobabiy  most  correct  to  identify  the  process  having  a 
high  activation  ©norgy  —  at  a  stress  close  to  zero  — 
wUh  the  process  of  slip,  and  to  Identify  the  other  pro- 
c.ffSB  with  that  of  dlffusional  plasticity, 

5.  It  follows  from  what  has  been  said  above  that 
the  predominant  role  In  plastic  deformation,  occurring 
ut  the  initial  stage  of  the  relaxation  process  under  the 
condition a  of  our  experiments,  was  played  by  the  process 
LOf  slip.  With  the  reduction  in  the  value  of  effective  j 
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stress,  this  role  was  gradually  turned  over  to  the  process  of 
dlffusional  plasticity.  It  is  possible  that  in  the  case  of 
very  low  initial  stresses,  when  plastic  deformation  during 
the  entire  duration  of  the  process  of  relaxation  of  stresses 
occurs  only  by  dlffusional  plasticity,  the  latter  will  play 
the  fundamental  role  even  in  the  initial  stage  of  the  relaxa¬ 
tion  of  stresses. 
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Relaxation  of  Stresses  and  Nonuniform  Dlffuslonal  Mobility 
In  Polycrystalline  Austenitic  Ferrum-Chromlum-Nickel 

Alloys 

By,  V,  I.  Arkharov,  S.  I.  Ivanovskaya, 

G,  N.  Kolesnikov,  and  A.  I.  Moiseyev 


According  to  the  Idea  which  Is  the  theme  of  the 
various  studies  in  this  collection,  the  hlgh-temperature 
plastic  deformation  at  low  deformation  rates  Is  accomplished 
mainly  by  the  diffusion  mechanism  and  is  localized  in  the 
boundary  zones  of  the  crystallites.  This  Is  particularly 
referred  to  relaxation  processes  at  high  temperatures. 

It  can  be  expected  that  there  la  a  correlation 
between  the  intensity  of  relaxation  and  the  dlffuslonal 
mobility  in  the  intergranular  zones,  and  that  the  presence 
of  an  admixture  In  the  heat-resistant  alloy,  capable  of 
slowing  down  the  relaxation,  will  at  the  same  time  reduce 
the  dlffuslonal  mobility  of  the  atoms  in  the  alloy,  at  least 
of  one  of  Its  chief  constituents. 

This  will  occur  particularly  when  the  impurity  has 
a  horophile  nature,  l.e.,  when  it  possess  Internal  inter¬ 
granular  adsorption,  since  the  influence  of  the  Impurity 
la  intensified  precisely  in  the  regions  where  the  plastic 
deformation  develops. 

Let  us  first  dwell  on  a  rough  qualitative  compari¬ 
son  of  the  results  obtained  in  testing  the  diffusion  of 
nickel  in  an  austenitic  alloy  with  those  obtained  in  test¬ 
ing  the  relaxation  of  stresses  in  the  same  alloys. 

The  Introduction  of  small  additions  of  molybdenum 
and  tungsten  in  alloys,  containing  20  percent  Or  and  10 
perct^nt  Ni  or  20  percent  Cr  and  20  percent  Nl,  has  reduced 
the  degree  of  the  relative  sharpness  of  the  projections 
of  the  dlffuslonal  front  along  the  Intergranular  zones. 

This  fact  could  have  been  explained  by  a  higher  content  of 
the  alloying  element  in  the  intergranular  zones  as  compared 
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to  the  body  of  the  grain*. 

From  the  standpoint  of  the  notions  related  in  the 
article  by  V.  I.  Arkharov  and  M.  B.  Yakutovich**,  the  con¬ 
centration  of  the  alloying  element  in  the  intergranular 
cones,  which  reduces  the  diffusional  mobility,  will  entail 
the  reduction  in  the  intensity  of  the  course  of  plastic 
deformation  at  the  grain  boundaries  and  also,  consequently, 
the  reduction  in  the  intensity  of  relaxation  of  stresses, 
provided  the  latter  is  caused  by  the  plastic  deformation 
occurring  in  the  boundary  zones. 

The  data  obtained  from  tests  on  relaxation  of  stresses 
on  the  same  alloys  confirm  the  above  discussions.  To  prove 
this,  let  us  turn  to  Figures  1-4  of  the  articley  by  G.  N. 
Kolesnikov,  A.  I.  Moiseyev,  and  M.  3.  Yakut ovlch***.  These 
figures  show  curves  which  characterize  the  course  of  relaxa¬ 
tion  of  stresses  at  various  temperatures  in  ferrum- chromium- 
nickel  alloys  containing  20  percent  Or  plus  10  percent  Ni 
and  also  20  percent  Cr  plus  20  percent  Ni  having  various 
concentrations  of  either  molybdenum  or  tungsten. 

The  examination  of  these  figures  shows  that  the 
curves  corresponding  to  alloys  with  small  additions  of 
molybdenum  and  tungsten  pass  in  the  entire  region  of 
temperatures  above  the  curves  corresponding  to  alloys  with 
neither  molybdemom  nor  tungsten.  This  means  that  low  con¬ 
centrations  of  molybdenum  and  tungsten  actually  reduce  the 
intensity  in  relaxation  of  stresses;  consequently,  the 
notions  cited  above  are  confirmed. 

It  is  obvious  that  a  maximum  agreement  of  data  on 
diffusional  mobility  with  data  on  relaxation  of  stresses 
can  be  expected  in  a  case  in  which  the  plastic  deformation 
Ghat  occurs  in  the  process  of  relaxation  of  stresses  is 
concentrated  near  the  grain  boundaries,  i.e.,  when  the 
central  sectors  of  the  grain  are  practically  not  deformed. 

It  is  natural  that  such  deformation  conditions  may 
arloe  only  at  certain  correlations  between  the  stress 
effective  in  the  specimen  and  the  temperature  of  the 


*See  the  article  by  V.  I.  Arkharov,  3.  I.  Ivanovskaya, 

I.  P.  Pollkarpova,  and  N.  P.  Chuprakova  in  this  collection. 
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specimen;  a  substantial  role  is  also  played  by  the  rate  of 
the  load  Increase  in  the  process  of  loading. 

In  fact,  the  value  of  stresses  sufficient  to  cause 
plastic  deformation  will  be  attained  sooner  in  the  regions 
of  the  grain  adjoining  the  boundaries  at  slow  (as  a  matter 
of  principle,  infinitely  slow)  loading  of  the  material,  be¬ 
cause  of  overstressea  which  are  created  at  the  brain 
boundaries.  The  deformation  will,  therefore,  begin  precisely 
in  these  regions. 

If  the  hardening  coefficient  is  low  (in  principle, 
infinitely  low),  then,  as  we  continue  loading,  a  further 
increase  of  stresses  effective  in  the  grain  regions  more 
removed  from  the  boundaries  will  become  impossible.  In  other 
words,  it  will  be  impossible  to  Increase  the  stress  in  the 
central  grain  regions  to  a  point  sufficient  for  the  occur¬ 
rence  of  plastic  deformation. 

The  case  is  somewhat  different  at  high  (in  principle, 
infinitely  high)  loading  rates.  While  the  rate  of  plastic 
deformation  remains  not  too  high,  the  occurrence  of  this 
deformation  will  not  alter  too  much  the  distribution  of 
stresses  in  the  grain  caused  by  the  elastic  deformation  of 
the  material.  At  a  high  loading  rato,  it  is,  therefore, 
possible  to  create  stresses  sufficient  for  the  occurrence 
of  an  intensive  plastic  deformation  even  in  the  grain  regions 
removed  from  the  boundaries. 

In  applying  the  same  external  tension  to  specimens 
of  two  different  materials  having  the  same  grain  size  but 
different  yield  strengths,  it  can  bo  expected  (if  the  load¬ 
ing  rate  is  sufficiently  high)  that  the  plastic  deformation 
wi'i.':.  cover  a  greater  portion  of  the  grain  volume  in  the 
ma''  •'/•ial  having  a  lower  yield  strength  as  compared  to  the 
ms'  -;ial  having  a  higher  ylold  strength. 

Since  the  yield  strength  decreases  with  the  Increase 
in  temperature,,  it  follows  that  a  constant  initial  stress 
wi  an  increase  in  test  temperature  will  also  result  in 
an  ..norease  of  the  portion  of  the  grain  volume  covered  by 
the  plastic  defonnatlon. 

All  tests  on  relaxation  of  stresses  whose  results  are 
used  in  this  article  were  conducted  at  one  and  the  same 
value  of  initial  stress  (do  =  13  kg/mm^) ;  the  loading  rate 
was  the  same  in  all  cases  and  was  equal  to  3*2  kg/mm2  per 
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minute;  the  temperatures  of  testing  ranged  from  350  to  800®, 

Tho  selected  value  of  the  Initial  stress  for  many  of 
the  tested  materials  at  the  highest  test  temperatures  was 
above  tho  yield  strength  of  these  materials.  From  what  has 
been  said,  it  can  be  expected  that  wo  will  find  the  best 
agreement  of  results  obtained  in  testing  tho  diffusion  of 
nickel  in  the  investigated  alloys  with  tho  results  obtained 
in  testing  the  relaxation  of  stresses  on  the  same  alloys 
if  v/e  use  the  data  on  relaxation  of  stresses  taken  at  medium 
test  temperatures. 

In  this  case,  tho  plastic  deformation  will  cover  a 
relatively  small  region  of  grain  volume,  adjoining  the 
boundaries,  while  the  intensity  of  plastic  doformation  will 
bo  high  enough  to  cause  a  measurable  value  of  relaxation  of 
stresses. 

Proceeding  from  the  above,  we  used  for  the  comparison 
the  data  referring  to  the  relaxation  of  stresses  at  550®. 

The  dlffusional  mobility  of  nickel  in  the  inter¬ 
granular  transitional  zones  at  a  550®  temperature  cannot  be 
described  in  practice  by  the  method  of  frontal  diffusion 
employed  in  our  study*;  to  obtain  metallographic  patterns 
suitable  for  measurements  at  this  temperature  would  involve 
extremely  protracted  testing.  For  a  comparison  with  the 
relaxation  data,  therefore,  we  had  to  use  data  on  tho 
dlffusional  mobility  of  nickel  at  a  different  (much  higher) 
temperature.  As  has  been  experimentally  established,  the 
distinctions  in  the  dlffusional  mobility  of  nickel  along  the 
Intergranular  transitional  zones  and  through  the  grain  mass 
are  minimized  with  an  increase  in  temperature.  Therefore, 
using  the  experimental  data  on  the  degree  of  predominance  of 
the  intergranular  dlffusional  mobility  over  the  mobility 
in  the  grain  mass  at  a  temperature  much  higher  than  550® 
could  only  minimize  the  correlation  between  the  relaxation 
and  dlffusional  data  and,  consequently,  raise  the  Importance 
of  the  value  of  the  correlation  sought  for. 

Even  if  the  distinctions  between  tho  dlffusional 
mobility  along  the  Intergranular  zones  and  that  in  tho 
grain  mass  are  greater  at  lower  temperatures,  the  width 


*3ce  the  article  by  V.  I.  Arkharov,  S.  I.  Ivanovskaya, 
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her©  of  the  continuous  dlffualonal  zone  as  well  as  the  width 
of  the  Intergranular  "projections”  of  the  dlffuslonal 
front  decrease  rapidly,  and  this  makes  measuring  difficult 
and  reduces  accuracy. 

The  employed  technique  of  motallographlc  Investiga¬ 
tion  of  dlffuslonal  mobility  of  nlckol,  mentioned  In  the 
article  by  V.  I.  Arkharov,  S.  I.  Ivanovskaya,  et  al. ,  pro¬ 
duced  the  most  reliable  measurement  results  In  tests  con¬ 
ducted  at  1100*^.  These  results  were  used  for  comparison 
with  the  relaxation  data. 

As  a  characteristic  for  the  intensity  of  relaxation 
of  stresses  at  a  550®  testing  temperature  we  selected  the 
ratio  of  stresses  where  <$12  is  stress  effective 

in  the  specimen  after  12  hours  of  relaxation  and  (^q  is  the 
Initial  stress  value. 

This  value  was  compared  with  a,  the  "coefficient  of 
dlffuslonal  mobility"  of  the  atoms  of  nickel  along  the 
grain  boundaries,  a  qualitative  description  of  the  relative 
Intensity  of  the  course  of  the  dlffuslonal  processes  in  the 
Intergranular  zones  as  compared  to  the  course  of  those  pro¬ 
cesses  in  the  grain  body. 

The  data  obtained  for  ferrum-chromlum-nlckel  alloys 
either  without  additions  or  with  small  additions  of  molybde¬ 
num  and  tungsten,  as  well  as  the  data  for  the  alloys.  In 
which  some  portion  of  nickel  was  replaced  by  cobalt  or 
manganese,  wore  used  for  the  comparison. 

All  data  are  summarized  in  Table  1.  On  the  basis 
of  thee  data  we  constructed  a.  graph  (Figure  1),  in  which 
wo  can  distinctly  see  the  correlation  between  the  variation 
of  the  coefficient  "a"  value  with  the  variation  In  the 
intensity  of  relaxation  (despite  the  quite  considerable 
spread  between  the  points). 
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Flsure  1.  The  graph  showing 
the  correlation  of  data  on 
diffuaional  mobility  and  on 
relaxation  of  stresses 
(a  =  "coefficient  of  diffusion 
mobility",  c?o  =  Initial  stress, 
d'l2  =  stress  at  the  end  of  the 
test ) . 


The  decrease  in  the  relatire  intensity  of  the 
course  of  diffuaional  processes  along  the  intergranular 
zones  agrees  with  the  increase  in  ratio ^12/^o»  i.e*» 
with  the  decrease  in  the  intensity  of  the  course  of  relax¬ 
ation  of  stresses. 


The  Talues  of  the  coefficient  of  diffusion  mobility  ^ 
and  the  ratio  of  atreases 


Conventional 
grade  of 
alloy 

♦ 

e 

o 

oo 

CVJ 

H+3 

1 

e 

e 

o' 

V)°  ^ 

H  ♦» 

X)  J® 

9Cr20N110 

1. 5-2,0 

0.55 

4Crl8lil20Mo3 

0,80 

0.92 

5Cr20Nlll 

1. 6-2.4 

0,64 

7Cr20Ni21Wl 

1,10 

O.Tf) 

50r21M110Mol 

1.0-1. 4 

0.77 

4Cr20N115Ga5 

0,35 

0.83 

4Grl8lIilOMo2 

0,8- 1,0 

o,a5 

8Cr21N120 

1,2-1,60 

0.74 

llCrl8N110Wl 

0,70 

0,70 

4Crl9Sll8Co2 

1,80 

0,62 

9Crl8N110W2 

0,71 

0,71 

6Cr21N115Co5 

1,47 

0.68 

8Crl9NilOW4 

0,60 

0.79 

1 

1 

■ 

Concluaiona 

Sommarizins  the  above  we  arrive  at  the  following 
concluaiona. 

1,  The  results  obtained  in  comparing  the  experi¬ 
mental  data  on  the  diffusion  of  nickel  in  the  examined 
alloys  with  the  data  on  the  relaxation  of  atresaea  in 
the  same  alloys  confirms  the  notions  developed  by  V.  I. 
Arkharov  and  M.  B.  Yakutovich.  The  addition  of  email 
positively  active  admixtures  in  the  solid  solution  leads 
to  the  enrichment  of  the  intergranular  zones  in  the  intro¬ 
duced  admixtures  to  a  degree  comparative  with  the  body  of 
the  grain.  This  will  explain  the  reduction  in  the 
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Qilffuslonal  mobility  alon^:  the  grain  boundaries  as  well 
'•n  reduction  in  the  intensity  of  tVe  course  of  plastic 
f.'ui'ortiatlon  along  the  intergranular  zc"  -s.  In  cthcii’  worde, 
Dlls  confirms  the  notions  on  the  subetai'tial  role  played 
by  the  Intergranular  zones  at  high  defoniifl.tlon  and,  on  the 
possibility  of  affecting  the  mechanical  properties  of  the 
as  a  whole  with  the  help  of  small  positively  active 
cdmlxturee. 


2.  The  data  examined  in  this  article  are  not 
tufficiont,  however,  to  Judge  the  participation  of  one 
cr  Another  mechardsm  of  plastic  deformation  (slip  or 
diffu^lonal  plasticity),  since  the  hardening  of  the  inter¬ 
granular  zone  may  lead  to  iho  deceleration  of  the  develop¬ 
ment  of  both  the  dlffusional  plasticity  and  slip  in  this 
zone.  A  more  definite  oplrJ.on  on  this  problem  may  be 
formed  on  the  basis  of  the  analysis  of  the  experimental 
data  on  the  relaxation  of  stresses  related  in  the  article 
V  7  ir.  N.  Kolesnikov  and  A.  1.  Kolseyev  published  In  this 
collection. 
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Concerning  the  Influence  of  Phase  Tranaformatlona 
on  the  Relaxation  of  Stressee 

By  G.  N.  Kolesnijcov  and  A.  I.  Moiseyev 


Phase  transformations  can  be  divided  into  three 
(jroupg  with  respect  to  the  variation  in  the  specific 
volume  caused  by  them. 

The  first  group  will  include  phase  transformations 
cauai.ng  an  increase  in  specific  volume,  such  as  the 
martensitic  transformation  in  steels  (the  increase  in 
specific  volume  amounts  to  one  to  three  percents  (1)), 
the  transformation  Sn^—^Sn*-^,  causing  the  increase  in 
specific  volume  up  to  25  percent  (2). 

The  second  group  will  include  phase  tranaforma- 
tlons  which  occur  without  causing  a  variation  in  the 
specific  volume  or  causing  a  slight  variation,  which  ie 
below  an  experimental  error  (all  second-order  phase 
changes). 

The  phase  transformations  involving  a  decrease  in 
specific  volume  (transformation  CoP— >Coot  (3))  may  be 
referred  to  the  third  group. 

Unexpected  properties  which  appear  in  metals  and 
*;]loys  as  a  result  of  phase  transformations  bold  a  great 
part  of  the  attention  of  the  theorlets  and  the  practical 
scientists. 

At  present,  the  interrelation  and  interdependence 
of  phase  transformations  and  plastic  deformation  has  not 
been  sufficiently  studied. 

On  the  basis  of  the  data  available  in  literature, 
bhe  following  conclusions  may  be  made. 

.  1.  Phase  transformations  have  a  certain 
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*”teiaperattire  region  where  they  are  more  intenslre. 

2.  The  Intensity  of  phase  transformations  In 
alloys  depends  on  the  content  of  alloying  elements  (for 
instance,  the  content  of  carbon  affects  the  segregation 
of  martenelte  from  austenite). 

3.  A  great  stimulative  role  In  phase  tranaforma- 
-  tlons  la  played  by  plastic  deforaatlon;  phase  transforma¬ 
tions,  in  turn,  influence  the  magnitude  of  total  deforma¬ 
tions.  As  a  special  case  of  the  influence  of  phase 
transformations  on  the  magnitude  of  total  deformation,  we 
will  study  the  possible  lnflu-;nce  of  phase  transformations 
on  the  process  of  relaxation  of  stresses. 

As  w©  know,  relaxation  of  stresses  is  called  a 
special  case  of  deformation,  at  which  the  total  deforma¬ 
tion  remains  constant  for  the  entire  duration  of  the 
experiment  aiid  Is  equal  to  the  sum  of  elastic  Atg  and 
plastic  deformation  (4). 

The  mathematical  condition  for  the  relaxation  of 
stresses  is  usually  written  In  the  form  of  the  expression 


At  r=  Ae, -f  Aso  =  const;  Ajy=^  const;  Ajj,  =5^  const .  (1) 


In  an  experimental  determination  of  the  relaxation 
of  stresses  (usually,  by  means  of  some  device)  the  given 
total  deformation  ( Afc' )  la  maintained  for  a  certain  time 
during  the  experiment,  while  the  Instantaneous  stress 
(effort)  which  acts  upon  the  specimen  is  determined 
(measured  or  calculated).  In  this  case,  if  we  consider 
the  possibility  of  a  phase  transformation  and  take  into 
account  that  the  relaxation  machine  la  actually  a  sensi¬ 
tive  dilatometer,  then  the  condition  for  the  net  relaxa¬ 
tion  of  stresses  could  be,  more  strictly,  written  In  the 
fora  of  expression 


Ai  =  Asy  -f  A'n  +  Aej,  ■■  const.  ( 2 ) 


where  is  the  total  length  of  the  specimen  which  re¬ 
mains  constant  for  the  entire  duration  of  the  experiment; 

L_  A£0  is  the  value  of  the  elaatlo  deformation  of  the  J 


*“speclmeii; 

ie  the  value  of  the  plastic  deformation  of  the 

.-vpecimen; 

ZlCp]^  Is  the  value  of  the  variation  In  the  linear 
dimensions  of  the  specimen  as  a  result  of  ^he  change  In 
the  specific  volume  of  the  material  of  the  specimen  in 
.  the  process  of  phase  transformations. 
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Figure  1.  Curves  for 
relaxation  of  stresses: 
1  —  Aiiph  =  0; 

I  ■■  "  V 


Figure  2.  Curves  for 
relaxation  of  stresses 


at  Afpi^^O:  _ 
=P 


— '  =  A€phJ 
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Satiirallj,  when  there  are  no  phase  transformations 
in  the  material  of  the  specimen,  or  when  there  are  phase 
transformations  causing  changes  in  the  specific  volume 
that  could  be  neglected,  Expression  (2)  becomes  Expression 
(1),  since  Afph  =  0. 

In  order  to  simplify  the  further  discussions,  let 
us  assume  that  at  a  given  value  of  total  deformation 
the  testing  of  the  materials  for  the  relaxation  of 
stresses  begins  after  reaching  the  given  initial  stress 
and  that  the  course  of  plastic  deformation  is  the  same 
in  all  caises. 

If  a  phase  transformation  takes  place  in  the 
material  of  the  specimen  in  the  process  of  relaxation  of 
^stresses  causing  an  Increase  in  specific  volume,  the  terra J 
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will  appear  in  Expression  (2)  with  a  plus  sign 
(isip>i>'0),  and,  then,  with  a  given  value  of  total  deforma¬ 
tion  the  value  for  the  elastic  deformation  will  be 
l<vas  than  in  the  absence  of  a  phase  transformation.  In 
this  case,  the  experimental  curve  for  relaxation  of 
atreeaos  {Figure  1)  will  pass  below  curve  1  which  corres¬ 
ponds  to  the  recording  of  the  process  of  relaxation  of 
stresses  without  a  phase  transformation. 

If  a  phase  transformation  takes  place  in  the 
m»>torlal  of  the  specimen  in  the  process  of  relaxation  of 
^;lross9a  involving  a  decrease  in  the  specific  volume,  term 
/  will  appear  in  Expression  (2)  with  a  minus  sign 

and  at  a  given  value  of  the  tot^il  deformation 
i  '  the  value  for  the  variation  of  plastic  deformation  Acp 
will  bo  higher  than  in  the  absence  of  a  phase  transforma¬ 
tion.  Consequently,  the  experimental  curve  25  for  the 
relaxation  of  atreaaea  (see  Figure  1)  will  then  pass  above 
:rve  1  which  correeponde  to  the  process  without  a  phase 
ana  format  ion . 


When  there  are  three  cases  possible  for  the 

trend  of  the  curve  for  the  relaxation  of  stresses. 

1.  If  Afc'p  -  ~  ^  ■“**  =  A^ph)  ““  varia¬ 

tion  will  occur  in  the^value  of  stresses  effective  in  the 
srecimea  in  the  process  of  relaxation  of  stress;  the  curve 
"relaxation  of  stresses*'  recorded  on  the  machine  will  have 
the  form  of  a  straight  line  —  curve  2  (Figure  2). 

2.  If  curve 

3  for  '’relaxation  of  stresses”  (see  Figure  2),  recorded 

on.  the  machine,  will  pass  below  the  straight  line  2;  i.e., 
it  will  look  approximately  the  saEe  as  ?  usual  curve  for 
relaxation  of  stresses,  though  at  least  a  portion  of  the 
drop  in  atresses  will  be  compensated  for  by  the  decrease 
in  specific  vol\ime  caused  by  the  phase  transformation. 

3.  If  Afp  -  A^ph^  0  —  (AC’p'^  ^^ph^  curve  1  for 
"relaxation  of  streesea^^  (see  Figure  2)T  recorded  cn  the 
machine,  will  pass  above  the  straight  line  2;  i.e.,  in 
order  to  retain  the  condition  of  constancy  of  deformation 
(2),  the  stress  affecting  the  specimen  will  not  have  to  be 
reduced  (as  in  the  usual  case),  but  rather  increased  to 
compensate  for  the  reduction  in  the  dimensions  of  the 
specimen  resulting  from  the  phase  transformation  which 
occurs  causing  a  decrease  In  specific  volume. 

L  J 
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^  To  confirm  the  above  dlacuaalone,  we  can  cite  the 

^'ixperlmental  data  by  Ya,  S.  Qlntsburg  (5)» 

In  plotting  a  curve  for  the  relaxation  of  BtreeBes 
In  the  coordinates  log  of  stress  vs.  time  (6),  the  second 
sector  of  the  curve  for  relaxation  of  stresses  la  depicted 
in  the  fcna  of  a  straight  line  (continuous  curve  In 
Figure  3)«  In  the  experiments  conducted  by  Ya.  3.  Glnts- 
-burg,  it  was  observed  that  under  certain  conditions  of 
relaxation  of  stresses  there  Is  a  third  sector  which 
deviates  downwards  from  the  straight  line  in  the  coordi¬ 
nates  log  of  stresses  vs.  time  (dotted  line  In  Flgur*e  3), 
Ya.  S«  Gintsbui'g  points  out  that  the  presence  of  a  third 
sector  Is  always  associated  with  the  appearance  of  the 
y0«phas©,  l.e,,  with  the  occurrence  of  phase  transformation. 


log 


♦ 


Figure  3.  Curves  for 
relaxation  of  stresses  In 
coordinates:  log  cT  vs. 
time. 


Figure  4,  Curves  showing 
the  dependence  of  the 
coefficient  of  the  relaxa- 
tlonal  variation  of  stresses 
on  the  testing  tempera¬ 
ture  for  alloys: 

1  —  Cr20N120; 

2  —  Cr20K120T10.42; 

3  —  Cr20N120T11.87. 


Fr*offi  the  viewpoint  of  our  dlBCUsslons  cited  above, 
thio  abnormal  case  can  readily  be  explained  by  the  fact 
that  under  these  conditions  of  deformation,  in  the  pro¬ 
cess  of  relaxation  of  stresses,  a  phase  transformation 
takes  place  in  this  material  accompanied  by  an  increase 
^in  specif ie  volume;  i.e.,  the  increase  in  dimensions 
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following  the  increase  In  specific  volume  caused  by  the 
phase  transfonaation  la  added  in  the  process  of  relaxation 
of  stresses  to  the  increase  of  dimenaions  caused  by  the 

deformation;  thus,  to  rsaintaln  the  total  deformation 
of  the  specimen  constant,  a  lower  effective  stresB  is  re¬ 
quired. 


This  study  advises  of  certain  results  obtained  in 
the  investigation  of  relaxation  of  streases  in  fcrrum- 
chromium-niclcel  alloys,  i.e.,  of  an  anomalous  case  of 
nn native  “relaxation  of  etressos”  observed  on  a  ferrum- 
crroraium-niokel  base  with  additions  of  titanium. 

Table  1 

The  cheralcal  eompoaltion  of  aj.ioys,  percent. 


Conventional  grade 
of  the  alloy 

j  • 

i  i 

i  C  ! 

1 .  , 

f 

\ 

Si  1  Mg 

r 

!  Cr 

( -  -  - 

j  N1 

[ 

j  T1 

1  i 

i  'I 

”  — ^ -—'-'J— “ 
{ 

) 

i 

j 

1  [ 

!  t 

Cr20Ni20 
Cr20N120Ti0.42 
Cr20Ni 20111.87 

1  j 

!  0,025  0,06  i  0;30 

i  0,058  0,32  j  0,32 

1  0.050  0,60  i  0,38 

1 

10, 95 
20,00 
2il95 

1  1 

20,00  ! 
1  20,14 

!  20.40  ! 

' 

1 

i  — 

0,42 

1,07 

The  alloys  Indicated  in  Table  1  were  submitted  to 
hardening  from  1250°  (holding  time  at  this  temperature  is 
one  hour)  and  then  used  for  the  preparation  of  apeclmeriS 
for  relaxation  of  atressea  at  elongation. 

The  tests  on  relaxation  of  stresses  were  conducted 
on  ?.  machine  designed  at  the  Ural  Branch  of  the  Academy  of 
ocioncea  (URAK)  at  temperatures  racing  from  350  to  S50° 
using  the  same  initial  stress  of  13  kg/ani^.  The  duration 
of  the  test  was  12  hours. 

The  relaxation  curve  obtained  in  the  test  was  used 
fo:>  the  determination  of  the  value  for  the  stress  <^12 
effective  at  the  end  of  the  given  testing  time  interval. 
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Hext,  as  In  the  previously  conducted  studies*  ve  ' 
deteralned  the  ratio  ^i2/<3'o  representing  the  variation  of 
stresses  in  the  given  material  at  the  given  conditions  of 
testing,  called  "the  coefficient  of  relaxational  variation 
of  stresaes".  Then  we  plotted  a  curve  showing  the  depen¬ 
dence  of  the  obtained  coefficients  of  the  relaxational 
variation  of  stress  on  the  testing  temperature.  The  com¬ 
parison  of  these  dependencies  for  various  alloys  makes  it 
-  possible  to  characterise  the  relative  heat  resistance  of 
the  alloys. 

Figure  4  shows  the  trend  of  the  coefficients  of 
relaxational  variation  in  stress  of  the  tested  alloys  de¬ 
pending  on  testing  temperature.  Curve  1  is  referred  to 
alloy  Cr20Ni20  (without  additions)  and  is  monotonous  over 
the  entire  region  of  testing  temperatures.  This  trend  of 
the  curve  showing  the  occurrence  of  relaxation  of  stresses 
depending  on  temperature  is  characteristic  and  normal 
since  the  intensity  of  relaxation  of  stresses  Increases 
with  an  increase  In  temperature.  Curve  2  is  referred  to 
alloy  Cr20Ni20T10.42;  It  has  a  slight  maximum  in  the 
testing  temperature  region  of  550®.  The  presence  of  a 
maximum  on  the  curve  of  intensity  of  relaxation  of  stresses 
can  only  be  explained  by  the  fact  that  the  phase  trans¬ 
formation  accompanied  by  a  decrease  in  specific  volume 
passes  in  the  regions  of  temperatures  which  correspond  to 
the  maximum.  Curve  3  is  referred  to  alloy  Cr20N120Til.87» 
it  has  a  distinctly  pronounced  maximum  in  the  testing 
temperature  region  of  550®.  Here  the  value  for  the  co¬ 
efficient  of  relaxational  variation  in  stresses  d\2/6o 
In  the  maximum  region  even  appears  to  be  greater  than  one. 
This  fact  means  that  the  effective  instantaneous  stresses 
are  higher  here  than  the  initial  ones.  This  can  only  be 
explained  by  an  extremely  sharp  decrease  In  the  dimensions 
of  the  specimen  in  the  process  of  relaxation  of  stresses 
due  to  the  reduction  in  specific  volume  during  the  phase 
transformation. 


*See  the  article  by  G.  N.  Kolesnikov,  A.  I.  Moiseyev 
^and  M.  3.  Yakutovlch  in  this  collection.  J 
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Figure  5.  The  anomalous 
curve  of  the  “relaxation 
of  stresses"  (6'o  = 

=  13.63  kg/inn)2  and  t  = 

=  5500). 

It  may  be  assumed  that  In  the  absence  of  a  phase 
transformation  the  curves  showing  the  intensity  of  the 
relaxation  of  stresses  for  alloys  with  admixtures  could 
have  been  analogous  to  a  curve  for  an  alloy  without  an 
admixture.  Such  assumed  curves  are  Indicated  in  Figure  4 
by  a  dotted  line. 

The  "relaxation  curve"  for  alloy  Cr20Ni20Tll.87, 
obtained  with  automatic  recording,  is  given  in  Figure  5. 

The  anomalous  curve  for  "relaxation  of  stresses"  is  shown 
in  this  figure  in  coordinates  stress  vs.  time. 

As  we  see  from  this  figure,  the  instantaneous  stress 
has  kept  continuously  increasing  with  the  duration  of  the 
test  and  amounted  to  26,52  kg/mm^  at  the  end  of  the  400th 
hour,  l.e.,  twice  as  much  as  in  the  beginning  of  the  test. 
The  build-up  of  instantaneous  effective  stress  was  rapid 
at  the  beginning,  but  the  rate  was  declining,  and,  then, 
beginning  with  the  350th  hour,  the  build-up  in  stress 
practically  ceased.  This  anomailous  case  in  the  trend  of 
the  curve  for  the  "relaxation  of  stresses"  can  readily  be 
explained  by  the  process  of  relaxation  of  stresses  occurring 
under  the  conditions  of  a  phase  transformation  accompanied 
by  a  decrease  in  specific  volume. 

This  macroscopic  effect  obtained  in  testing  relaxa¬ 
tion  of  stresses  does  not  mean  at  all  that  the  relaxation 
of  stresses  does  not  occur  in  this  material  under  the 
given  conditions.  Relaxation  of  stresses  is  called  a  pro¬ 
cess  of  an  eventual  spontaneous  reduction  in  stress  during 
a  constant  deformation.  Naturally,  there  was  a  process  of 
Relaxation  of  stresses  in  this  case  also,  but  the  decrees^ 
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In  the  specific  volume  caused  by  the  phase  transformation 
has  overlapped  the  effect  of  spontaneous  relaxation  of 
stresses. 

From  the  above-clted  discussions  and  experimental 
data  it  follows  that  phase  transformations,  which  occur  in 
metals,  may  show  up  substantially  on  the  shape  of  the 
"relaxation  curve". 

v/e  cannot  expect  high  relaxation  characteristics  in 
alloys  i-diere  the  phase  transformation  occurs  with  an  in¬ 
crease  in  specific  volume. 

From  the  viewpoint  of  industrial  application  those 
alloys  which  are  of  special  interest  have,  as  in  the  described 
ferrum- chromium -nickel  alloys  with  admixtures  of  titanium, 
phase  transformations  occurring  with  a  decrease  in  specific 
volume.  In  the  end,  the  intensity  in  the  reduction  of 
stresses  decreases  in  these  alloys  (which  is  exactly  what 
the  Industry  is  interested  in).  In  other  words,  from  the 
industrial  point  of  view,  the  degree  of  "relaxation  of 
stresses"  decreases;  l.e.,  the  "relaxation"  characteristics 
of  the  alloys  improve. 

In  the  light  of  the  cited  discussions  and  experimen¬ 
tal  data,  the  task  may  he  set  forth  of  developing  alloys 
with  practically  no  variations  in  the  external  stresses 
under  the  given  conditions  of  deformation  (l.e.,  under  the 
given  degree  of  deformation,  in  a  certain  region  of  tempera¬ 
ture  and  a  certain  time  Interval). 

Furthermore,  the  problem  of  obtaining  "antirelaxing" 
alloys  is  also  not  unsolved.  Bolts  made  of  such  an  "anti- 
relaxing"  alloy  will  not  only  not  weaken  any  flange  coupling 
in  the  course  of  time,  but,  on  the  contrary,  such  a  flange 
coupling  will  eventually  become  more  and  more  dense;  it 
will  appear  as  though  the  coupling  were  self-tightening  and 
self-sealing. 

In  concluding,  the  following  deduction  can  be  made: 
the  search  for  heat-resistant  and  "nonrelaxing"  alloys  can 
be  conducted  using  alloys  which  have  phase  transformations 
occurring  with  a  decrease  in  specific  volume;  as  for  the 
"antirelaxing"  alloys,  these  can  only  be  found  among  the 
alloys  which  have  phase  transformations  occurring  with  a 
decrease  in  specific  volume. 
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And  another  deduction  follows  from  the  cited  dis¬ 
cussions  and  experiments:  the  phenomenon  of  relaxation  of 
stresses  and  Its  relationships  must  be  studied  In  Its 
simplest  form  on  pure  elements  or,  at  any  rate,  on  alloys 
representing  solid  solutions  not  subjected  to  phase  trans¬ 
formations  under  all  given  conditions  of  temperature,  stress, 
and  duration  of  experiment;  but  If  alloys  are  used,  then  It 
is  altogether  necessary  to  consider  the  possibility  of 
aide  factors  which  may  appear  and  overlap  the  plastic  defor¬ 
mation  in  the  process  of  relaxation  of  stresses  In  the  form 
of  phase  transformations  causing  a  variation  In  specific 
volume. 
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The  Investigation  of  Relaxation  of  Stresses  in 
Ferinim-Chromlum-Nlckel  Austenitic  Alloys 
Containing  Admixtures  of  Titanium  and  Niobium 

By  M.  G.  Gaydukov  and  V.  A.  Pavlov 


The  study  of  the  relaxation  of  stresses  in  Cr20Ni20- 
type  alloys  containing  additions  of  titanium  and  niobium 
is  a  continuation  of  the  study  of  one  of  the  sections  of 
the  complex  investigation  of  the  Influence  of  small  admix¬ 
tures  of  certain  alloying  elements  on  the  heat  resistance 
of  alloys. 


Procedure  and  test  material 

The  study  of  relaxation  of  stresses  was  conducted  on 
machines  designed  at  the  Institute  of  Physics  of  Metals 
of  the  Ural  Branch  of  the  Academy  of  Sciences  USSR.  The 
duration  of  testing  amounted  to  50  hours  at  all  temperatures 
(650,  700,  and  750*^).  The  temperature  was  maintained 
constant  automatically,  by  the  aid  of  a  themoregulator, 
accurate  to  il.5°.  All  tests  were  conducted  at  two  initial 
stresses:  6  and  8  kg/mm^.  The  variation  of  the  stresses 
in  the  specimen  was  automatically  recorded  on  a  diagram 
by  a  clock-work.  The  following  are  the  dimensions  of  the 
relaxation  siwcimens:  diameter  4.5  mm;  working  length 
100  mm;  the  fastening  tread  M9  lerigth  8  mm.  The  specimens 
were  heat-treated  in  billets  according  to  the  following 
regime:  heatlng-up  to  1250°,  holding  for  one  hour,  and 
vmter  cooling. 

The  study  of  relaxation  of  stresses  was  carried  out 
on  two  groups  of  Cr20N120Tl-type  alloys  (Table  1).  The 
niobium  content  varied  (from  0.25  to  1.0  percent)  in  the 
first  group  of  edlcys  having  a  constant  content  of  0.2 
percent  titanium.  The  tltfiinlum  content  was  Increased  to 
one  percent  in  the  second  group  of  alloys,  and  so  was  the 
content  of  niobium,  varying  from  0.2  to  one  percent. 

The  intensity  of  relaxation  of  stresses  was  deter¬ 
mined  from  the  ^50/^0  ratio,  l.e.,  from  the  ratio  of  stress 
obtained  after  a  50-hour  test  to  the  initial  stress  at  the 
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‘instant  of  loading.  The  lower  the  ratio  ^50>^q»  ^ 

higher*  consequently*  the  value  by  which  the  erfeotlve 
stress  has  decreased  during  the  test*  l.e.*  the  higher  the 
Intensity  of  relaxation  of  stresses. 

Teat  results 

The  test  resxilts  of  relaxation  of  stresses  are  given 
-in  the  fora  of  graphs  (Figure  1-6)  In  the  coordinates  of 
"log  of  stress"  vs,  "duration  of  testing". 


log  cS  igo 


Figure  1,  Curves  for  relaxation  of  stresses 
in  alloy  Cr20N120T10.2!rb0.2  at  the  following 
teoperatures  and  stresses: 

1  ~  650®*  8  kg/^mm^;  2  —  700®,  8  kg/ma^; 

4  —  650®,  6  kg/am^; 

6  —  750®*  6  kg/mmS. 


—  750®, 

—  700®, 


8  kg/amS; 
6  kg/mm2j 


L 


J 
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hour 


Figure  2,  Curves  for  relaxation  of  streesee  . 
in  the  alloy  Cr20N120T10.2Nb0.5  at  the 
following  temperatures  and  stresses: 

1  —  650®,  8  lcg/mm2;  2  —  7000,  8  kg/mm2; 

3  —  7500,  8  kg/mm2;  4  —  6500,  6  Wmm2; 

5  700®,  6  kg/mm2;  6  —  750®,  6  kg/mm2. 


hour 


Figure  3.  CJurves  for  relaxation  of  stresses 
in  the  alloy  Cr20N120T10.2Nbl.0  at  the 
following  temperatures  and  stresses: 

1  — .  650®,  8  kg/mm2;  2  —  700®,  8  kg/mm2; 

3  —  750®,  8  kg/mm2;  4  —  650®,  6  kg/mmS; 

5  — .  700®,  6  kg/mm2;  6  —  750®,  6  kg/mm2. 
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Plg^ure  4.  Ourvea  for  relaxation  of  atressea 
In  the  Gr20N120T11.0ITb0.2  alloj  at  the 
following  temperatureo  and  stresses: 

1  —  6500,  8  kg/mmSj  2  —  700o,  8  Waung; 

3  —  750®,  8  kg/mm^;  4  —  650°,  6 

5  .  700O,  6  6  —  750®,  6  kg/aimS, 


Figure  5.  Curves  for  relaxation  of  stresses 
In  the  Cr20N120Til.0Nh0.5  alloy  at  the 
following  temperatures  and  stresses: 

1  — .  6000,  8  kg/mmS;  2  —  650®,  8  kg/Bim2; 

3  —  7000,  8  kg/mmS;  4  —  750o,  8  kg/iBm2; 

5  6000  ,  6  kg/iDm2;  6  —  65O0,  6  kg/mm2; 

L  7  —  700®,  6  kg/mm?  j  8  —  7500,  6  kg/mni2. 
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r*  ira  obaarra  In  alloy  Cr20H120Ti0.21Ib0.2  a  alight 

reduction  in  atreaaaa  at  the  tanparaturo  of  650®  and  at  an 
Initial  Btreea  of  6  Icg/mB^  (Figure  1).  An  incraaae  in  the 
te?!  atura  to  700  and  750®  leads  to  a  more  intanaive  re- 
1  on  of  atrassea;  at  750®  the  sharpaat  reduction  in 
6  saa  takes  place  at  the  initial  mouient ,  during  the 
f  houra  of  testing*  Raising  the  initial  stress  to 
8  increaaea  the  intensity  of  atreaaaa  at  all  three 

-t emperat urea . 


labJLeJ, 

The  chemical  eompoaitlon  of  the  tested  alloys, 

percent 


1 

Conventional  grade  j 
of  the  alloy  ! 

1 

1  c  1 
!  1 

i  »»•* 

i  1 

1  1 
SI  1 

1  Cr 

1 

1  Nl 

( 

Tl 

1 

1 

Cr  20Ni  20Ti0  •  2!rb0 . 2 

I 

0,029 

0,30 

0,39 

18,90 

19,61 

0,15 

0. 

Cr20H120T10. 2m>0. 5 

0,031 

0,32 

0,25 

19.35 

19,61 

0,19 

0. 

Cr20Ni20Ti0.2Nbl.O 

0,033 

0.'3 

19,20 

19,20 

0.38 

1. 

Cr20N120T11.0Nb0.2  j 

0,030  j 

0,40 

18,96 

18,92 

0,93 

0. 

Cr2CN120Til.0!Ib0.5  1 

0,029  1 

— 

0,58 

19,48 

19,00 

0,79 

0. 

Cr20N120T11.0m)1.0 

0,038  ' 

— 

0,62 

18,78  j 

18.85 

1.13 

1. 

At  an  Initial  stress  of  6  and  8  kg/ma^  we  observe 
in  the  Or20Ni20Ti0.21Ib0.5  alloy  a  more  intensive  reduction 
of  straaaaa  than  in  Cr20Ni20Ti0.2Ilb0,2  alloy  at  all  test¬ 
ing  temperatures,  due,  primarily,  to  the  high  intensity 
of  relaxation  on  the  second  sector  of  the  curvea  (Figure  2). 
An  the  testing  temperature  is  Increased  from  650®  to  7500, 
the  relaxation  of  atreases  on  the  second  sector  in  the 
Cr201?i20T10.21irb0.5  alloy  builds  up  more  rapidly  than  in  the 
Cr20N120T10. 2HbO. 2  alloy . 

The  intensity  of  relaxation  of  streasas  in  the 
Cr20Ni20Ti0.2Ilbl.0  alloy  at  6  and  8  kg/mm^  and  at  a  650® 
temperature  is  lower  than  in  Cr20H120T10.2Nb0.2  and 
Cr20N120Ti0.2®b0.5  alloys,  but  is  higher  at  a  temperature 
of  700®  (see  Figure  5).  The  intensity  of  relaxation  of 
stresses  on  the  second  sector  at -700®  is  approximately  "Wie 
same  in  Or20N120T10.2!lb0.2  and  Cr20N120T10.213bl.0  alloys 
and  is  slightly  lower  in  the  0r20N120Ti0.2Nb0.5  alloy.  As 
the  temperature  is  increased  to  750®,  the  intensity  of 
relaxation  of  stresses  does  not  increase  in  the 
Cr20N120T10.2Mbl*0  alloy  at  the  initial  stress  of  6  kg/mm^j 
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rit  even  decreases  at  a  stress  of  6  Icg/mm^  (Figure  ?)• 

This  takes  place  due  to  the  reduction  In  Intensity  of 
relaxation  of  streeaea  on  both  the  first  and  second  sectors 
of  the  relaxation  curve. 
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Flfnire  6.  Curvea  for  relaxation  of  atresaee 
in  the  Gr20}I120Til.0Nbl.0  alloy  at  the 
following  temperatures  and  stresses t 
1  — -  6500,  8  kg/mm2j  2  —  700®,  8  kg/mittS* 

3  —  750®,  3  kg/mmS;  4  ..  65O®,  6  kg/ma2; 

5  —  700®,  6  kg/ma2:  g  — .  750®,  6  kg/iBm2, 
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Figure  7.  The  Intensity  of 
relaxation  for  stresses  In 
alloys: 

^  —  Cr20Ki20  at  8  kg/BUtt2; 

B  —  Cr20N120  at  6  kg/mni2j 
T  —  Cr20N120T10,2Nb0.2  at 
8  kg/iamSj  2  —  Cr20N120T10.2Nb0.5 
at  8  kg/aim2;  3  — 

3  —  Cr20N120Ti0,2Nbl.0  at 
S  kg/nra2;  4  —  Cr20N120Ti0.2Nb0.2 
at  6  kg/mn2; 

5  —  Cr20Hi20T10.2Kb0.5  at 

6  kg/mai2.  5  ..  Cr20N120T10.2Nhl.0 
at  6  fcg/nira2. 
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r  In  the  next  group  of  the  ferrum-chroaliua-nlckel 

alloys  with  titanium  and  nlohliim,  the  content  of  titanium 
was  Increased  to  one  percent.  The  tests  of  the 
Cr20N120T10.2Nh0.2  alloy  at  650°  produced  somewhat  unusual 
results.  While  the  test  Is  on  there  occurs,  not  a  re¬ 
duction  of  the  effective  stresses  but,  on  the  contrary,  an 
Increase  In  stresses  (Figure  4).  At  an  Initial  stress  of 
6  kg/mm^  and  a  temperature  of  650°,  the  stresses  gradually 
.increased  throughout  the  50  hour  period.  At  a  much  higher  - 
initial  stress  of  8  kg/nun2  at  the  very  initial  moment  of 
testing  there  la  noted  a  alight  reduction  of  stresses  which 
stops  vary  soon,  and  then  the  stresses  already  begin  to 
Increase  as  in  the  test  at  an  initial  stress  of  6  kg/mm^. 

A  substantial  reduction  of  stresses  Is  noted  on  both  the 
first  and  second  sectors  of  the  relaxation  curve  in  the 
Cr20N120T11.0!ro0.2  alloy  at  700  and  750®.  As  compared  to 
the  Cr20N120Ti0.21fb0.2  alloy,  the  relaxation  of  stresses 
occurs  more  Intensively  in  the  Cr2OK120Tll,0Nb0.2  alloy  on 
account  of  a  greater  reduction  of  stresses  on  the  first 
sector  of  the  relaxation  oiirve. 

A  certain  increase  In  stresses  at  6  kg/min^  and  a 
temperature  of  650°  Is  noted  also  In  the  Cr20N120T11.0I^b0.5 
alloy  (Figure  5).  But  even  at  an  initial  stress  of  8  kg/mm2 
the  sign  of  the  variation  of  stresses  In  the  process  of 
testing  changes,  and  the  stresses  decrease.  The 
Cr20N120T11.0Nb0.5  alloy  was  tested  additionally  at  a 
temperature  of  600°  and  at  Initial  stresses  of  o  and  8 
kg/mm^;  in  both  cases  the  effective  stresses  increase  during 
the  test. 

At  a  temperature  of  700°  and  an  Initial  stress  of 
6  kg/mm2  the  stresses  decrease  during  the  test.  The 
Intensity  of  relaxation  of  stresses  In  the  Cr20N120Til.0Nb0.5 
la  lower  tnan  In  the  Cr20Ni20Til.0Nb0.2  alloy  at  700^  and 
la  higher  at  750°.  The  Increase  of  relaxation  of  stresses 
at  750°  is  caused  by  the  higher  intensity  of  the  reduction 
of  stresses  on  the  second  sector  of  the  relaxation  curve. 

In  the  Cr20N120T11.0Nbl.0  alloy  at  650°,  the  re¬ 
duction  of  stresses  occurs  at  a  very  low  rate  at  both  6  and 
3  kg/mm^  initial  stresses  (Figure  6}.  A  reduction  In 
stresses  Is  observed  at  700^;  however,  the  intensity  of 
relaxation  is  lower  than  In  Cr20N120Tll,01Tb0.2  and 
Cr20I’Ji20Til.0Nb0.5  alloys;  this  occurs,  primarily,  on 
account  of  lower  Intensity  In  relaxation  of  stresses  on  the 
flr^.t  sector  of  the  relaxation  curve.  The  intensity  of 
|relaxatlon  of  the  Cr20Ni20Til.0Nbl.0  alloy  at  750®  is  j 
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ffipprozlBat^lj  the  ease  as  in  the  alloys  with  a  lower  ~ 
content  of  nloblua,  whereas  the  lower  intensity  of  relaxa- 
on  the  first  sector  is  compensate'^  for  by  a  higher 
i  Jiiitity  of  relaxation  on  the  second  s-  ctor  of  the  relnx- 
f^tloa  curve. 


Interpretation  of  results 

The  teat  data  on  relaxation  of  stresses  In  ferrum- 
chromluiB-nlckel  austenitic  alloys  alloyed  with  various 
a-nounts  of  titanium  and  niobium  point  to  the  complexity 
of  the  processes  which  take  place  in  this  group  of  alloys. 
Tne  variation  in  the  relaxation  of  stresses  is  caused  by 
the  composition  of  the  alloys  and  by  an  additional  factor 
—  the  aging  of  the  alloys  during  testing.  The  intensify 
of  pha^.^  transformations  varies  nonsynehronously ,  depending 
on  i.ho  temperature  as  well  as  on  the  magnitude  of  atrosseo 
ap riled. 


In  testing  the  alloys  alloyed  with  titanium,  d.  N. 
Kolesnikov  and  A.  I.  f?olaey8V*  established  not  reduction 
01  stresses  hut  rather  an  increase  during  the  test.  Under 
the  given  testing  conditions,  when  the  length  of  the  specl- 
ELwn  was  automatically  maintained  constant,  the  increase  of 
ntrc-.sses  was  explained  by  the  occurrence  of  a  phase  trans- 
accompanied  by  a  reduction  in  volume.  In  this 
iludi'  this  phenomenon  of  the  increase  in  the  stresses 
during  testing,  apparently  caused  by  the  same  reason,  was 
established  in  alioys  alloyed  with  titanium  and  niobium. 

An  additional  alloy,  the  Cr201fl50Tl  alloy  with  niobium, 
changes  the  intensity  of  the  phase  transformation  and  dis¬ 
places  the  temperature  maximum  Interval  (Cr20N120Til.0Nb0.2 
and  Cr20Ni20Tll,0Nb0.5  alloys). 

Increasing  the  niobium  content  to  one  percent  in  the 
<  ..loj  containing  0.2  percent  titanium  will  not  lead  to  an 
increase  in  stresses  in  the  process  of  testing;  however, 
tna  temperature  curve  of  the  intensity  in  relaxation  points 
to  the  occurrence  of  a  phase  transformation  even  with  this 
composition  of  the  alloy.  For  the  Cr20N120T10.2JSfbl.0  alloy 
this  is  also  confirmed  by  the  variation  in  the  intensity  of 
relaxation  depending  on  stresses  (Figure  7).  Thus,  In 
alloys  containing  0.2  percent  titanium  and  0,25  percent 
niobi'om  or  0.40  percent  niobium,  the  intensity  of  relaxa- 
tion  increases  (the  ratio  ^^o/6o  becomes  lower)  with  an 
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increase  of  Initial  atresa  from  6  to  8  kg/mm^  at  all  three' 
testing  temperatures.  In  an  alloy  with  0.2  percent  T1  and 
3.0  percent  Nb  the  intensity  of  relaxation  with  an  Initial 
atrass  of  6  kg/mm^  and  50  houra  of  testing  remains  at  the 
same  level  with  an  increase  in  temperature  from  700  to  750^; 
aa  wo  increase  the  temperature  to  750®  at  8  kg/mm^,  the 
intenalty  of  relaxation  of  stresses  decreases  and  becomes 
lower  than  at  700®  or  at  6  kg/ma2.  Thus,  despite  the 
increase  in  Initial  stress,  the  Intensity  of  relaxation 
is  not  Increased;  this  can  only  be  explained  by  the  phase 
transformation  which  builds  up  with  the  Increase  in  stresses. 
The  increase  of  the  content  of  niobium  In  the  Cr20K120ril.0 
alloy  to  one  percent  will  also  change  the  dependence  of  the 
Intensity  of  relaxation  on  stresses  and  reduce  the  Intensity 
of  relaxation  of  stresses  at  8  kg/mm2  as  compared  to  the 
tests  at  6  kg/an2  (Figure  8).  Consequently,  It  may  be 
a3a\iiiied  that  the  Increase  of  niobium  in  the  Cr20N120T11.0 
alloy  to  1.0  percent  at  temperatures  of  700  and  750®  (in 
the  Cr20W120T10.2  at  750®)  contributes  to  the  development 
of  phase  transformation. 

It  is  of  Interest  to  compare  the  data  on  Intenalty 
of  relaxation  of  stresses  In  the  Cr20h'iP-0Tl-type  alloys, 
alloyed  with  titaniiim  and  niobium,  with  those  of  the  Cr20N120 
^Ci-loy.  The  test  results  of  the  Cr20N120  alloy  at  temper a- 
tui^ea  of  650,  700,  and  750®  and  at  Initial  stresaes  of  6 
and  8  kg/WS  are  shown  In  the  form  of  curves  in  Figures  7 
end  8*.  Comparing  the  Cr20Ni20Tl  alloys,  alloyed  with  0,2 
percent  Tl  and  the  Cr20N120  alloy,' we  see  that  the  intensity 
of  relaxation  In  the  Cr20N120Tl  alloys  has  no  marked  dis¬ 
tinction  from  the  Cr20N120  alloy  except  for  the 
Cr20N120Ti0.2Nbl.0  alloy  at  750’^.  The  Intensity  of  relaxa¬ 
tion  of  stresaes  cf  the  Cr20N120Tl  alloys  alloyed  with  one 
percent  of  Tl  is  higher  at  a  testing  temperature  of  750® 
than  the  relaxation  of  atreases  of  the  Cr20Ni20  alloy.  It 
may  also  be  noted  that  Increasing  the  content  of  niobium 
In  the  Or 20111 20T11.0Nb  alloys  Increases  the  Intensity  of 
relaxation  at  the  same  testing  temperature  of  750®.  No 
explanation  has  yet  been  found  for  the  phenomenon  of  In¬ 
creasing  the  intensity  of  relaxation  of  stresses  in  alloys 
alloyed  with  titanium  and  niobium  at  a  certain  temperature 
and  under  testing  conditions.  It  Is  possible  that  this  Is 
associated  with  a  definite  variation  In  the  cohesion  forces 
during  the  alloying  of  the  alloy  with  titanium  and  niobium 
or  wlih  the  acceleration  of  the  dlffuslonal  processes  at 


.xibhese  data  were  obtained  by  G,  N.  Kolesnikov  and  A.  I.  J 
iMoiaeyev. 
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^50^,  The  Intensity  of  relaxation  of  stresses  of  the 
Cr20K120Til,0!Jb  alloys  at  testing  temperatures  ranging 
from  600  to  700®  l3  lower  than  that  of  the  Cr20Ni20  alloy 
and  is,  obviously,  defined  by  the  influence  of  an  addi¬ 
tional  factor  —  the  processes  of  phase  transformations 
accompanied  by  a  decrease  in  volume. 


L 


Figure  3.  Intensity  of 
relaxation  of  stress  in  the 
following  alloys: 

A  —  Cr20Ni20  at  3 
B  —  Cr20N120  at  6  kg/mra2; 

T  —  Cr20Ni20T11.0Nb0.2  at  8 

2  —  Cr20W120TU,0Nb0.5  at  8 

3  —  Cr20Ni2OTil.OKbl.O  at  3 

4  —  Gr20N120Til.0Nb0.2  at  6 

5  Cr20Ni20T11.0Nb0.5  at  6 

6  —  Cr20N120T11.0Nbl,0  at  6 


kg/si£ll2; 

kg/mm2; 

kg/imn2; 

kg/inm2; 

kg/jEm2; 

kg/mm2. 
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Conclusions 


1.  Tlie  complex  alloying  of  Cr20N120  alloys  with 
titanium  and  niobium  leads  to  a  complex  dependence  of  the 
intensity  of  relaxation  of  stresses  on  the  composition  and 
testing  conditions. 

2.  In  testing  the  Cr20N120Tl  alloys  alloyed  with  one 
percent  of  Tl,  at  definite  temperatures,  there  develops  a 
phase  transformation  accompanied  by  a  reduction  In  volume. 
This  results  in  a  decrease  In  the  Intensity  of  relaxation 
of  stresses,  whereas  In  some  individual  cases  an  Increase 
in  effective  stresses  Is  observed  rather  than  a  decrease. 

3.  The  Increase  in  the  content  of  niobium  in  the 
Cr20N120Tl  alloys  containing  one  percent  of  Tl  displaces 

the  maximum  of  phase  transformation  toward  the  lower  tempera¬ 
tures. 


4.  A  reduction  In  the  Intensity  of  relaxation  of 
stresses  la  observed  In  the  Cr20N120T10.2Nb  alloy  with  a 
one  percent  content  of  niobium  at  a  relaxation  temperature 
of  750°,  which  Is  obviously  related  to  the  development  of 
phase  transformation. 

5.  Increasing  the  amount  of  tltanlxim  to  one  percent 
in  alloys  containing  nlobixom  Increases  the  Intensity  of 
relaxation  of  stresses  of  the  Cr20Ni20T11.0Nb  alloys  at  a 
temperature  of  750°  as  compared  to  the  Intensity  of 
relaxation  of  stresses  In  the  Cr20N120  alloy. 


*  * 
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The  Investigation  of  Creep  In  Ferrum- Chromium-Nickel 
Austenitic  Alloys  with  Admixtures  of  Titanium, 
Niobium,  and  Tungsten 

M.  G,  Gaydukov  and  V.  A.  Pavlov 


Cr20N120  alloys,  alloyed  with  titanium,  niobium,  and 
tungsten,  were  investigated  in  connection  with  the  study  of 
the  general  problem  on  the  Influence  of  small  admixtures  of 
certain  alloying  elements  on  the  increase  in  heat  resistance. 

Test  procedure 

The  tests  on  creep  were  conducted  on  TsKTI-2-type 
machines  (designed  by  the  Central  Boiler  and  Turbine  Insti¬ 
tute).  Regular-type  specimens  measuring  100  mm  long  (cal¬ 
culated  length)  with  a  10-mm  diameter  were  used.  The 
variations  in  the  diameter  with  respect  to  the  length  did 
not  exceed  0.02  mm.  The  specimen  billets  measuring 
20  X  20  X  250  mm  were  submitted  to  the  following  heat  treat¬ 
ment:  heating  to  a  temperature  of  1250®,  holding  at  this 
temperature  for  one  hour,  and  quenching  in  water.  The 
temperature  was  measured  during  the  test  by  three  thermo¬ 
couples,  secured  by  hot  Junctions  at  both  ends  and  at  the 
center  of  the  gage  length  of  the  specimen.  After  fastening 
the  thermocouples,  the  gage  length  of  the  specimen  was 
wrapped  with  several  layers  of  asbestos  cord  to  protect  the 
thermocouple  Junctions  from  the  heat  radiated  directly  from 
the  heated  walls  of  the  furnace.  The  difference  in  tempera¬ 
ture  over  the  length  of  the  specimen  did  not  exceed  2.5  to 
3°;  the  mean  variation  of  the  temperature  during  the  entire 
test  period  was  of  the  order  of  1,5  to  2®. 

The  deformation  of  the  specimens  was  measured  with 
indicators  accurate  to  0,001  mm. 

The  loading  of  the  specimens  was  smoothly  applied 
through  the  spring  of  a  dynamometer,  beginning  with  a 
preliminary  loading  for  clearing  the  gaps  in  the  loading 
system,  and  then  applying  the  full  load. 

The  duration  of  testing  amounted  to  250  hours.  The 
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readings  of  the  temperature  and  defonnatlon  given  the  indi¬ 
cators  were  taken  off  on  the  hour.  The  teste  were  conducted 
at  a  temperature  of  700°  at  several  different  stresses. 

From  the  obtained  initial  deformation  curves  we  plotted  the 
curves  showing  the  dependence  of  the  total  elongation  (Z,%) 
on  the  stress  applied  for  a  teslng  period  of  250  hours. 

Tests  were  made  on  three  groups  of  alloys  with  a 
Cr20N120  base,  alloyed  with  titanium  (0.27,  0.77 »  and  1.09 
percent),  niobium  (0.2,  0.5»  and  1.1  percent),  and  tur.gsten 
(0,2,  0.5>  and  2.95  percent);  tests  were  also  made  on  two 
groups  of  alloys,  alloyed  simultaneously  with  two  elements 
(titanium  and  tungsten,  the  niobium  content  being  unknown). 

The  chemical  composition  of  the  investigated  alloys 
is  given  in  the  table. 
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The  chemical  compoaltlon  of  the  alloys, 

percent 


Coii?entlonal  grade 
of  the  alloy 

c 

Ma 

81 

c 

Nl* 

T1 

Hb' 

w 

Gr20N120 

0.016 

0,11 

0,17 

20.81 

20,30 

Cr20N120Ti0.27 

0.046 

0.36 

0.29 

19.58 

20,24 

0,27 

Cr20N120T10.77 

0.000 

0.37 

0.45 

20.22 

20,^6 

0,:7 

— 

— 

Cr20IIl20Tll.l 

0.020 

0.40 

0,43 

20,23 

20,34 

1,09 

— 

— 

Cr20N120!rb0.2 

0.040 

O.'O 

0,21 

18.75 

19.76 

— 

0,21 

— 

Gr20N120Nb0.2 

0,032 

0.32 

0.14 

19.00 

19,0 

— 

0,20 

— 

Gr20N120Nb0.5 

0,(07 

0,38 

0,23 

19.20 

19,76 

— 

0,52 

Cr20N120Ilb0.5 

0.038 

0.24 

0,29 

20.08 

18.78 

— 

0,53 

— 

Cr20N120Nbl.l 

0.023 

0,28 

0,38 

19,45 

19.61 

— 

1.10 

— 

Gr20N120Nbl.l 

0.018 

0.24 

0,38 

19.87 

19.99 

— 

1.05 

— 

Cr20Nl201ifi).2 

0,041 

0,2^ 

0.06 

19.86 

20,12 

— • 

— 

0.20 

Cr20N120WO,5 

0.047 

0.23 

0,04 

19.62 

19,  2 

■— 

0.48 

'Jr20Ni20Wl.l 

0.010 

0.23 

0.06 

19,48 

20,12 

— 

— 

1.15 

Cr20N120W3.0 

0.061 

0.28 

0.16 

19.35 

20,28 

— 

— 

2.96 

Gr20N120Ti0. 2Nb0.12 

0.083 

0.36 

0.46 

19.90 

19,50 

0,18 

0,12 

— 

Cr20Nl  20Ti0 . 2Nb0.33 

0.088 

0,18 

0,37 

18,84 

19.22 

0.18 

0,33 

— 

Cr20N120T10 . 2Nb0.89 

0.(08 

0,17 

0.46 

20,16 

19,50 

0.23 

0.89 

— 

Cr20N120Tll .  OMoO  J.7 

0.038 

0.25 

0.39 

20,17 

19,50 

1,04 

0,17 

— 

Cr20N120Tll .  ONbO^ 

0.040 

0.29 

0,30 

19.92 

19,57 

1,28 

0.46 

— 

Cr20N1201Ib0.5W0.3 

0.061 

0.23 

0,41 

19,42 

19.64 

— 

0.51 

0,30 

Cr20K120Nb0.5W0.2 

0.046 

0.21 

0.43 

19,22 

19.64 

— 

0,48 

0,25 

Cr20N120Nb0.5W0.5 

0.061 

0.22 

0,46 

19,53 

19,52 

— - 

0.58 

0,54 

Cr20N120!rb0.5W1.0 

0.042 

0.31 

0,58 

19,39 

I9.i6 

0,61 

1,00 

Cr20N120!fb0.5W1.0 

0.033 

0.22 

0,42 

19,68 

19.45 

0,39 

1,00 

Cr20N120Nb0.5W3.1 

0.028 

0.26 

0,32 

19,17 

20,26 

— 

0,62 

3,10 

Cr20Bri20Nb0.5M3.1 

0,025 

0.25 

0,32 

19,17 

20,26 

0,59 

3.15 

*Tranfiiator''8  note*  The  original  text  glyes  "Ml",  which 
la  eyldently  a  misprint,  since  we  are  discussing  here  a 
ghromlum-nlokel  base.  J 


'  Teat  raaults  ' 

Some  teat  reaulta  of  Cr20Ni20  alloys  alloyed  with 
titanium  are  given  in  Figure  1.  We  have  Inveatlgated 
alloys  containing  0.27  to  1.1  percent  titanium.  Data  on 
alloys  alloyed  with  even  a  snaller  amotint  of  titanium 
(below  0,2  percent)  are  given  In  the  paper  by  V.  A.  Pavlov, 
Ya.  S.  Yidcovleva,  and  M.  B.  Yakutovich.  Prom  three  alloys 
-with  a  titanium  content  of  0.27»  0.77,  and  1.1  percent, 
the  highest  heat  resistance  was  obtained  for  the  alloy 
alloyed  with  the  smallest  amount  of  titanium  (0.27  percent) 


Figure  1.  Curves  for  the  creep  of  alloys 
alloyed  with  titanium: 

1  —  Cr20N120;  2  —  Cr20N120Ti0.27; 

3  —  Cr20N120T10.77;  4  —  Cr20N120T11.09. 


Increasing  the  content  of  titanium  to  0.77  percent 
laads  to  a  relative  resoftening  of  the  alloy.  At  a 
temperature  of  700®,  the  Cr20H120T10.77  alloy  has  a  con¬ 
siderably  lower  heat  resistance  than  the  Cr20N120T10.27 
alloy,  which  is  slightly  higher  than  the  Cr20Ni20  alloy 
without  titanliim. 

The  heat  resistance  of  the  Cr20N120Tll.l,  contain¬ 
ing  1.09  percent  titanium,  la  also  lower  than  that  of  the 
Cr20Ni20T10.27  alloy,  but  is  already  higher  than  the 
heat  resistance  of  the  Cr20Hi20T10.77  aJ.loy.  A  phenomenon 
of  negative  creep  was  established  In  the  Cr20Ni20Tll.l 
alloy  under  certain  testing  conditions.  This  phenomenon 
consists  of  the  decrease  In  the  length  of  the  specimen 
during  the  test  and  may  be  explained  by  a  phase  transfor¬ 
mation  accompanied  by  a  decrease  in  volume.  In  testing 
^hc  relaxation  of  stresses  In  alloys  containing  0.42  and  j 
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rL.87  percent  tltanimn,  G.  N.  Kolesnikov  and  A.  I.  Molaeye^ 
established  the  presence  of  a  maxlmvim  and  have  explained 
It  by  a  phase  transforaiatlon  accompanied  by  a  decrease  In 
^  olorae. 


Comparing  a  number  of  tests  on  creep,  conducted  under 
various  conditions,  we  may  conclude  that  the  intensity  of 
the  phase  transformation  depends  to  a  considerable  degree 
.  on  the  magnitude  of  the  effective  stresses.  Under  prolonged 
testing  at  low  stresses  of  the  order  of  6  to  8  kg/mm^,  the 
specimen  of  the  Cr20N120Tll.l  alloy  gradually  lengthens. 

At  a  stiress  of  11  kg/mm^  there  was  observed  a  considerable 
creep  at  the  first  moment  of  testing,  which  began  to  de¬ 
crease  Inunedlately  thereafter.  After  a  certain  period  of 
creep  damping  vre  noted  a  period  of  negative  creep,  at  which 
the  length  of  the  specimen  decreased.  The  reduction  In  the 
length  of  the  specimen  evidently  occurs  as  the  result  of 
a  phase  transformation  accompanied  by  a  reduction  in  volume. 

The  teat  data  on  the  Gr20N120  alloys,  alloyed  with 
niobium,  are  given  in  Figure  2.  Alloying  with  an  amount 
of  niobium  up  to  1.1  percent  considerably  Increases  the 
hv'it  resistance  of  alloys.  The  heat-resistant  properties 
of  alloys  containing  niobium  Improve  at  all  investigated 
admixture  percentages  of  niobium  (0.2,  0.5,  and  1,1  per¬ 
cent  Fd);  however,  the  highest  effect  Is  obtained  by  a 
O.h  percent  admixture  of  niobium.  The  alloys  containing 
0.5  and  1.1  percent  Nb  have  a  somewhat  lower  heat  resis¬ 
tance  at  low  stresses  than  the  alloy  with  0.2  percent  Kb, 

Ferrum-chromium-nickel  alloys  with  niobium,  investi¬ 
gated  In  this  study,  are  referred  to  austenitic  alloys  of 
the  aging  type.  As  has  been  established  in  the  study  by 
V.  I,  Arkhai'ov,  S.  I,  Ivanovskaya,  I.  P,  Polikarpova,  and 
K.  ?.  Chuprakova*,  the  alloys  with  an  admixtures  of  niobium 
exhibit  a  decomposition  of  the  solid  solution  of  austenite 
along  the  grain  boundaries  as  well  as  in  the  grains  them- 
celves  after  the  alloy  has  been  hardened  from  a  temperature 
of  1250*^.  It  should  be  noted  that  the  Introduction  of 
niobium  into  an  alloy  sharply  reduces  the  plasticity  of 
alloys  at  a  high  temperature. 


^^See  their  article  in  this  collection. 
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Figure  2,  Curves  shoving;  creep 
of  alloys  alloyed  with  niobium: 

1  —  Cr20N120;  2  —  Cr20N120Nb6.2; 

3  —  Cr20N120Nb0.5; 

4  —  Cr20N120Nbl.l, 


6  kg/ma^ 
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Figure  3.  Curves  showing  the  creep  of  alloys 
alloyed  with  titanium  and  niobium: 

1  —  0r20N120;  2  —  Cr20H120T10.2Hb0.12; 

3  —  Cr20!il20T10.2Hb0.33;  4 
Cr2ONi2OTiO.2NbO.09;  5  —  Cr20Ni20Til.0Nb0.17; 

6  —  0r2ON120Tll.ONbO.46.  j 
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r  N9Xt,  we  Inveetigated  two  groups  of  Cr20N120-type 

alloys,  alloyed  with  a  combination  of  titanium  and  niobium. 
Tb®  first  group  includes  alloys  alloyed  with  0.2  percent 
tltianlum  and  a  varying  content  of  niobium  (from  0.12  to 
0, percent);  the  second  group  Includes  two  alloys  alloyed 
with  on©  percent  of  titanium  plus  0.17  and  0.46  percent 
Nb,  respectively.  The  test  data  are  given  In  Figure  3. 
Alloying  with  0.2  percent  Ti  and  0.12  percent  Hb  Increases 

.  the  heat  resistance  of  the  alloy  as  compared  to  that  of 
the  Cr20N120  alloy.  Increasing  the  content  of  niobium  t' 
0.33  and  0.89  percent  in  an  alloy  containing  0.2  percent 
Tl,  leads  to  a  further  Increase  of  heat  resistance,  approxl- 
mstely  equal  for  both  alloys. 

An  Increase  In  the  amount  of  titanium  to  1.0  percent 
ill  alloys  containing  niobium  sharply  changes  the  nature 
of  the  behavior  of  alloys  under  a  load  at  a  high  tempera¬ 
ture,  In  many  cases  we  noted  a  reduction  in  the  length  of 
the  specimens  during  the  test.  In  the  alloy  with  1.0  per¬ 
cent  of  Tl  «aid  0.46  percent  of  Nb,  the  period  of  negative 
creep  continued  over  the  entire  period  of  testing.  From  all 
earlier  Investigated  alloys,  Gr20N120T11.0  alloys  exhibited 
tne  highest  heat  resistance;  however,  at  this  point  we 
obperved  a  considerable  decrease  In  plasticity.  The 
Cr20Ni20Til.0Nb0.17  alloy  falls  at  a  total  elongation  not 
exceeding  0.80  percent,  >rtille  the  Cr20N120Tll,0Nb0.46 
alloy  falls  at  oven  a  lesser  elongation. 

Tests  were  made  on  Cr20Ni20  alloys  alloyed  with 
tungsten  in  amounts  of  0.2,  0,5t  1-15  and  2.95  percent 
(Figure  4).  Alloying  with  0.2  and  0.5  percent  tungsten 
increases  the  heat  resistance  as  compaured  to  that  of 
Gr20Ni20  alloys  without  tungsten  at  low  stresses.  As  the 
stresses  are  increased  to  7  kg/mm2  the  total  deformation  of 
the  alloys  containing  small  admixtures  of  tungsten  over 
the  entire  250  hours  of  testing  Is  higher  than  the  total 
deformation  of  the  alloy  without  tungsten.  When  the  tung¬ 
sten  content  in  the  alloy  le  increased  to  1.15  and  2.95 
rvercent,  the  heat  resistance  of  the  alloy  substantially 
increases,  particularly  at  higher  stresses  of  the  order 
of  9  to  11  kg/mm^, 

A  test  was  made  on  a  group  of  alloys  from  the 
cr20Ni20-type  series  containing  0.5  percent  Nb  and  0.2  to 
3.1  W  (Figure  5).  All  alloys  with  admixtures  of  niobium 
and  tungsten  have  a  much  higher  heat  resistance  In  com¬ 
parison  with  that  of  alloys  alloyed  with  tungsten  only. 
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5  kg/mm^ 


Figure  4.  Curves  showing  creep 
In  allojs  alloyed  with  tungsten; 

1  —  Gr20N120;  2  —  Cr20N120W0.2; 

^  —  Cr20N120W0-5;  4  —  vCr20N120i/l.l ; 
5  —  Cr20Ni20W3.0. 


Figure  5.  Curves  showing  creep 
In  alloys  alloyed  with  niobium 
and  tiingsten: 

1  —  Cr20Ni20;  2  —  Cr20Ni20W0. 2; 

3  —  Or20N120W0.5;  4  —  0r2ONi2OT(a.O; 

5  —  Cr20N120NbC.5;  6  —  Cr20Ni20Nb0.5W0.2; 
7  —  Cr20Ni20Nb0.5W0,5;  8  —  Cr20N120Nb0.5W1.0. 
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Increaalns  the  content  of  tungsten  in  the  ' 

Cr30N120irb0.5  alloy  produc*^s  effect  similar  to  the 
v&i'lation  la  heat  resistance  caused  by  the  increase  of  the 
niobium  content  in  a  Cr20Nl20  alloy.  At  low  creep  rates 
(low  stresses),  the  alloys  with  small  admixtures  of  tung¬ 
sten  (Cr20N120Nb0.5W0.2  and  Cr20N120Nb0.5W0.5)  are  more 
heat-resistant.  At  much  higher  creep  rates  the  highest 
heat  resistance  is  observed  in  alloys  with  a  higher  con- 
.  tent  of  tungsten.  The  nature  of  the  v&a*iation  of  the 
curves  showing  the  dependence  of  creep  rate  on  stresses 
confirms  the  analogy  between  the  Influence  exerted  by  the 
variations  in  the  concentration  of  niobium  in  Cr20Ni20W 
alloys  and  that  of  the  variations  in  the  concentration  of 
niobium  in  Cr20N120Nb  alloys  on  the  heat  reaistsuice. 
Alloying  the  0.2-pereent-W  alloy  with  0.5  percent  niobium 
increases  the  heat  resistance  of  the  alloy  to  the  level 
of  that  in  the  alloy  containing  0,2  percrnt  Nb  (Figure  6), 
But  alloying  a  3.1-percent-W  alloy  with  0.5  Nb  produces 
an  Influence  typical  for  the  increase  in  the  concentration 
of  niobium  in  Cr20N120Nb  alleys  to  1.1  percent  (Figure  7). 


6 kg/mm^ 
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Figure  6.  Curves  showing  creep 
in  alloys  alloyed  with  niobium 
and  txingsten: 

1  —  Cr20N120;  2  —  Cr20N120Nb0.2; 

3  —  Cr20N120Nb0.5  4  —  Cr20N120N0.2; 
5  —  Cr20N120Nb0.5WD.2. 
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Figure  7.  CTirvea  showing  creep 
In  alloys  alloyed  with  nloblun 
and  tungsten: 

1  —  Cr20N120;  2  —  Cr20K120Nb0.5; 

3  —  Cr20N120l!rbl.l;  4  —  Cr20K120W3.0; 
5  —  Cr20N120Nb0.5W3.1. 


Since  the  Investigated  alloys  containing  niobium 
v.vA  tungsten  have  shown  a  sufficiently  high  heat  resis¬ 
tance  at  low  stresses,  and  since  the  total  deformation 
over  a  250-«hour  test  at  700^  amounted  to  leas  than  0.1 
percent,  the  duration  of  testing  was  increased  to  1,000 
hours.  Continuous  tests,  conducted  on  Cr20N120irb  alloys 
and  on  the  Cr20N120Nb0.5W3*l  alloy  confirmed  the  results 
obtained  for  250  hours  of  testing.  The  creep  rate  of 
alloys,  alloyed  with  niobium  (0.2  to  1.1),  is  approxi¬ 
mately  the  same  at  a  4  kg/mm^  effective  stress.  At  a 
pt.ress  of  6  kg  /mm^  the  creep  rate  of  Cr20N120Nbl.l  and 
Cr20Ni20Nb0.5W3.1  alloys  is  somewhat  higher  than  that  of 
the  Gr20N120Nb0.2  alloy  alloyed  with  the  least  admixture 
of  nlobi\im. 


Interpretation  of  test  results 

Alloying  the  Cr20Ni20  alloy  with  the  first  smallest 
admixtures  of  titanium,  nlobivaa,  and  tungsten  Increases 
the  heat  resistance  of  alloys  at  low  stresses  of  the  order 
of  6  to  8  kg/mm2  as  compar-ed  to  the  heat  resistance  of  the 
Cr?0N12O  alloy.  The  creep  of  alloys  at  high  testing 

$  I 


.  229  • 


^temperatures  and  low  Initial  atresaea  Is  mostly  produced 
by  the  deformation  along  the  grain  boundaries.  On  the 
ot’rer  hand,  from  the  studies  confirming  the  hypothesis  of 
V.  I.  Arkharov*,  we  know  Lhat  a  number  of  alloying  elements 
re  mostly  and  principally  concentrated  In  the  bcuraary 
zones  of  the  crystallites  provided  the  total  content  of 
these  elements  in  the  alloys  Is  small.  This  selective 
distribution  of  the  alloying  elements  In  the  boundary 
-  zones  of  the  crystallites  strengthens  the  grain  boundaries  - 
and  increases  the  heat  resistance  of  the  alloys,  which  Is 
confirmed  by  the  results  of  this  study. 

Thus,  increasing  the  concentration  of  the  alloying 
elements  t,o  a  definite  level  characteristic  for  the  given 
element  and  the  given  alloy  increases  the  heat  resistance 
of  "(iloys.  Flowever,  the  increase  in  heat  resistance  has 
generally  an  Irregular  nature  which  manifests  itself  in  the 
relative  resoftening  of  the  alloys  In  case  the  concentration 
of  the  alloylitg  elements  Is  Increased.  Thus,  the  nigh  creep 
rate  at  low  stresses  for  the  Cr20N120Nbl.l  alloy,  in  com- 
n- risen  with  the  Cr20Ni20Nb0. 2  alloy,  indicates  that  there 
has  been  a  certain  resoftenlng  after  the  niobium  content 
In  the  alloy  had  been  increased  to  1.1  percent;  this  could 
nave  been  caused  by  a  certain  resoftenlng  of  the  grain 
i  oundaries.  The  relative  resoftenlng  of  alloys  with  a  high 
niobium  content  at  low  creep  rates  (low  stresses)  can 
possibly  be  explained  by  either  a  redistribution  of  niobium 
caused  by  the  Increase  of  its  concentration  in  the  alloy 
or  oy  a  much  stronger  hardening  of  the  volume  of  the 
i'.ustenito  grains  as  compared  to  the  grain  boundaries. 

This  irregularity  in  the  variation  of  heat  resistance 
of  the  alloys,  caused  by  an  increase  in  the  concentration 
of  certain  alloying  elements,  was  observed  by  us  in  the 
iiivesbigated  titanium  alloys  as  well  as  in  the  alloys 
alloyed,  v/ith  a  combined  amount  of  titanium  and  niobium. 

Ir:  this  connection,  it  is  of  Interest  to  compare  the  data 
ebuained  on  creep  of  alloys  alloyed  with  titanium  and 
niobium  with  the  data  of  the  alloys  alloyed  individually 
with  either  titanium  or  niobium.  The  first  admixtures  of 
either  titanlxim  (0.27  percent)  or  niobium  (0.21  percent) 
croduce  the  maximum  influence  on  the  increase  In  the  heat 
resistance  of  the  alloys.  However,  when  the  admixtures 
an?  alloyed  in  a  combination,  the  percentage  of  each  being 


-•See  also  the  article  by  V.  I.  iirkharov  and  M.  B. 
(Yakutovlch  in  this  collection.  J 
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sand  I  "the  heat  realstanoe  of  the  Cr20N120T10.2Nb0.12 
alloy  Is  found  to  be  below  that  of  the  alloys  alloyed  with 
either  only  titanium  (Cr20Ni20T10.27)  or  with  only  niobium 
(Cr?0Ni20Nb0.2l)  (Figure  3).  v/hen  tiiC*  content  of  niobium 
In  Cr20Ni20Ti*  alloys  with  0.2  T1  in  Increased,  the  heat 
resistance  of  the  alloys  increases  becoming  higher  than 
that  of  the  Cr20N120T10.27  alloy  but  lower  than  that  of 
the  alloys  with  niobium  alone  (Figures  9  and  10). 


Figure  6.  Curves  showing  creep  of  alloys 
alloyed  with  titanium  and  niobium: 

1  —  Cr20N120;  2  — Cr20!J12aT10.27; 

3  —  Cr20Ni20T11.09;  4  —  Cr20N120Nb0.2; 

5  —  Cr20Ni20T10,2Nb0.12. 


«  I  r  an  s  1  at  or  ’  s  note:  The  original  text  gives  M20N120T1 
{Ubich  apparently  is  a  misprint.  J 
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Figure  9.  Gtirves  ahowing  creep  of  alloys 
alloyed  with  titanium  and  niobium: 

1  —  CrSORlSO;  2  —  Or 20N1 20110.27; 

3  —  Cr20Hi20Nb0.5;  4  —  Cr20Ni20T10.2Kb0. 53. 
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Figure  10.  Curves  showing  creep  of  alloys 
alloyed  with  titanium  and  niobium: 

1  —  Cr20K120;  2  —  Cr20N120T10.27; 

3  —  Cr20K120Nbl.l;  4  —  0r20N120T10. 2Nb0.89. 
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^  these  data,  we  must  talce  into  consider-”* 

at.ion  the  fairly  complex  composition  of  the  investlf^ated 
alloys,  in  which  the  variation  in  heat  resistance  caused 
hy  the  concentration  of  the  alloying  elements  depends  cn  a 
" ■  ;  ..her  of  important  factors.  These  include:  the  variation 
’  e  ;  austenitic  solid  solution  itselx  ;  the  variaMcn  i-i 
Mr?  intensity  of  the  asing  processes,  ,  lec<'r  these  alloy - 
are  classed  as  aging-type  alloys  (the  negative  creep  con- 
.  the  occurrence  of  a  phase  transformation);  the 

voi-latlons  in  the  dlffuaional  processes  which  produce  a 
i.;.;ostaatial  influence  on  the  heat-resistant  properties  of 
t-e  alloys. 
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.  The  Influence  of  Small  Admixtures  of  Tungsten*  Molybdenum, - 
Tir-anlum„  and  Niobium  on  the  Oxidation  Resistance  of  Certain 
Aastcr.’ tio  Cr20Ni20-  and  Cr20Ni35-T7Pe  Alloys  at  Temperatures 

Ranging  From  1100  to  1300® 

By  2.  P.  Kichigin 


During  the  investigation  of  the  mechanical  pro- 
T-  "ties  of  certain  ferrum-chromlum-nlckol  austenitic  alloys 
-  ■  has  developed  that  small  admixtures  of  molybdenora ,  tung- 
f‘i  n,  titanium,  and  niobium  improve  the  heat-resistant 
£ ; operties  of  these  alloys*.  It  was  of  interest  to  find 
t  how  these  admixtures  affect  the  oxidation  resistance 
<■*}  the  alloys.  With  that  end  in  view,  we  have  taken  a 
J-:w  of  the  alloys,  the  heat  resistance  of  which  we  have 
.'Already  tested.  The  composition  of  the  alloys  is  shown  in 
T;-ible  1. 


'  the  article  by  G,  N.  Eoiesnlkov,  k,  I.  Moiseyev, 
I  K.  B,  Yakutovich  in  this  collection. 
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Table  1 

The  cbenical  oomposltlon  of  alloys,  percent 


1 


Conventional  grade 
of  steel 

Cr 

K,  j 

c 

Mo 

Si  1 
1 

»,  i 

w 

T.  1 

Nb 

Crl0N120 

10,05 

20.0 

0.025 

,  0.30 

I 

1 

0,08  j 

i 

1 

J 

_  1 

C  .'20111 20MO0. 24 

19.22 

i20.1 

0.048 

I  0.2 

i 

1 

1 

0.04  ! 

!  0.24 

—  [ 

Cr20Ni20Mo0.65 

20.1 

120.2 

i  0.031 

0.22 

0,014 

1  0  65 

! 

— 

Cr20f?i20Mcl.2  ! 

7i}.i8 

20.3 

C.Ol 

i  0,29 

0,14 

1  1  •> 

1  o'.a 

i  1.43  1 

i 

— 

— 

Gr20N120Mo0,17»b0.4l 

119.97  I 

2C,5  1 

1 0,037 

0,20 

1 

i 

i 

0,18 

-  1 

Cr-20  20MO1 . 43JToO.  4: 

120.29  I 

1 21  ' 

'0.023  ! 

'  0.21 

’  0,45 

;  L 

— 

1 

I  0, 

Cr20r]i20W0,2  j 

19.48  1 

20,2 

0.041 

,  0.29 

i 

i  0.06 

i  i 

i  0.2  ' 

— 

1 - 

Gr20N120W2.?  ! 

20.2 

9.72 

0,030 

0.26 

1  0,07  5  —  ! 

1  2,7  j 

! 

i 

t 

’:r2GN120TiC).C9 

20.25 

18.45 

1 0.024 

1  o.:-b 

i 

i  0,09 

i  _  : 

1  1 

1  0,09 

\  — 

ar20;''120Ti0.37 

20,15 

20.35 

;  0.005 

1  0.39 

0,48 

1  ~  ' 

f 

i  0,37 

[ 

■  -  :^0^n.2CT11.6T 

20.93  1 

20.40  ! 

!O.0S0 

[  0.38 

0,60 

1 

t 

- 1 

!  1.87 

’20NJ,20Ti0.11M)0.5 

19,20 

29.96 

[0.045  ; 

1  0.20 

0,36 

i  “ 

— 

i  0,11 

1  0,48 

rb20N5.207i0.23Nb0.5l 

19,65  j 

20,62 

0,021  i 

0.24 

1 

1 

0,41 

f 

t  1 

—  i 

i  0,23 

0  50 

20710. 6NbO. 5 

18.95  1 

20.91 

0,026 

0.25  1 

0 ,  ?i2 

i 

— 

i  0,60 

{  0.49 

:  20M20Nb0.5 

19.1 

19,98  1 

0.06  ! 

1  0.37 

1 

1 

0,41 

1 _ 

t  0,52 

Cr:'0Ni35 

1 19.87 

a5.6  j 

0,038 

0.45 

0.27 

1  — 

— 

.  — 

rb*20i.i.35W.5 

[  19.;j6 

35.  6 

0,040 

■ 

1 

0.34 

0,5 

— 

1 

1 

:.r'20M35Wl.l4  i 

1 10,91  1 

36,08 

1 0,037 

0,54 

i 

0,53 

i  - 

1.14 

— 

1  ” 

Cr20Ki35Nb0.5  ' 

19.55 

as, 68  ! 

0.065 

0.37 

1 

0,  3 

1  „ 

—  i 

0,5 

c  •-20Ni35>fO .  2!JrbO .  53 

;e,63 

36.36 

0.028 

0.38  1 

0.56 

j 

0,20 

i  -- 

0.f)8 
j  0,5 

20Ni35W3Nb0.5 

19.09 

i 

35,96 

0,032 

0.47 

i 

0.63 

t 

2,87 

! 

1  ~ 

Method  of  investigation 

The  oxidation  resistance  was  defined  as  the  rate 
of  oxidation,  i.e.,  the  ratio  of  the  increase  in  the 
. *  ight  of  the  specimen  after  oxidation  over  a  definite 
.  i2ae  interval  at  a  constant  test  temperature  to  the  area 
of  tho  initial  surface  of  the  specimen. 

Cylindrical  speclznene  10  mm  high  and  10  mm  in  dia- 
,T;:ter  were  vaade  of  the  alloys.  The  oxidation  was  carried 
or:  5  31  a  porcelain  tube  placed  lnt30  a  horizontal  sllit 

Both  ends  of  the  porcelain  tube  were  closed  with 
r  beer  ateppers  through  which  glass  tubes  wore  inserted 
'  ’  U>e  admission  and  withdrawal  of  dry  air.  The  air, 
h  r. ad  as  an  oxidation  atmosphere  for  the  specimen,  was 
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Hiesiccated  and  purified  from  CO2  by  passing  It  through  'h 
sulfiirlc  acid,  calcium  chloride,  and  aoda  lime  (1).  The 
rate  of  air  stream  was  maintained  constant  by  means  of  a 
flow  meter. 

T  emparature  was  measured  with  plat inxam- rhodium 
thermocc.^  .i  built  into  the  furnace.  The  specimen  waa 
placed  above  the  thermocouple.  The  J'urnace  together  with 
_  the  inserted  porcelain  tube  was  brou(5ht  up  to  the  testing 
lemperature.  A  quartz  boat  containing  the  weighted  speci¬ 
men,  w’as  placed  Into  the  tube.  The  ends  of  the  tube  were 
L  .  .r.  closed  and  the  passing  of  dry  air  through  the  tube 
: 'nn,  .After  the  lapse  of  two  hours  the  specimen  waa  re- 
■' .  r.-;!  from  the  furnace  and  cooled  in  air  on  a  porcelain 
n  v'..  Ax.  thle  point  careful  attention  v>\b  given  not  to 
lo.".o  any  of  the  scale.  After  the  specimen  was  cooled  oil 
was  weighed.  The  oxidation  rate  was  Investigated  at 
1:00,  1200,  and  1300®  temperatures. 


Dependence  of  oxidation  rate  on  temperature 


Make  of  steel 

Increasi 
of  t] 
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Cr20Ki35  ! 

2.ri 

2,8 
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13, M 

Cr20N135W0 . 2NbO . 58 

2,i 

4,0 

Cr20Ni35W3Mb0.5 

1.67  ! 

1 .43 

25.0 

Investigation  results 

The  test  results  are  given  in  Table  2, .  We  can  see 
from  the  tabular  data  that  the  Influence  of  small  admix¬ 
tures  on  the  oxidation  resistance  of  alloys  differs  de¬ 
pending  on  the  type  of  the  lidded  element,  on  Its  concen- 
at ion,  and  on  temperature. 

Alloys  with  the  admixture  of  molybdenum.  The  oxida¬ 
tion  rate  of  6r20Ni20-baB8  alloys  with  admixtures  of  0.2 
1  ri  1,2  percent  Mo  hardly  differs  at  any  temperature  from 
tie  oxidation  rate  of  the  base  {Cr20Ni20);  however,  the 
c  id at ion  rate  with  an  0.6-percent-Mo  admixture  is 
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slightly  lower  than  that  of  the  base. 

Alloys  with  the  admixture  of  tungsten.  The  oxidation 
rate  of  the  Cr20N120-base  alloy  with  an  admixture  of  0.2  Vf 
at  all  testing  temperatures  la  a  little  lower  than  the 
oxidation  rate  of  the  base.  But  the  alloy  with  an  admixture 
of  2.7  percent  W  at  1100  and  1200°  oxldlLes  practically  at 
the  same  rate  as  the  base;  however,  as  the  temperature 
approaches  1300°,  the  oxidation  rate  rapidly  Increases  and 
becomes  many  times  higher  than  that  of  the  base. 

The  oxidation  rate  of  the  Cr20N 135 -base  alloy  with  an 
admixture  of  0.5  percent  is  somewhat  lower  at  1100  and 
1200°,  while  at  1300°  It  is  considerably  higher  In  compari¬ 
son  with  the  oxidation  rate  of  the  base  (Cr20N135). 

The  oxidation  rate  of  the  alloy  of  the  same  base 
with  1.14  percent  W  at  temperatures  of  1100  and  1200°  is 
practically  the  same  as  In  the  base  alloy;  at  1300°  it  Is 
considerably  higher  than  that  of  the  base. 

Alloys  with  the  admixture  of  titanium.  The  addition 
of  0.09  percent  Ti  to  the  Cr20Ni20  base  has  no  effect  on 
the  oxidation  rate  of  the  alloy;  the  addition  of  0.37  per¬ 
cent  slightly  reduces  the  oxidation  rate  of  the  Cr20Ni20 
alloy  at  all  testing  temperatures.  The  oxidation  rate  of 
the  alloy  v;lth  1.87  percent  Tl  at  1100  and  1200°  Is  slightly 
lower,  and  at  1300°  It  Is  the  same  as  the  oxidation  rate  of 
the  Cr20N120  base. 

Alloys  with  the  admixture  of  niobium.  The  oxidation 
rate  of  the  Gr20N120  alloy  with  0.5  percent  Nb  at  1100  and 
1200°  is  a  little  lower  than  that  of  the  base  at  these 
temperatures,  while  It  is  higher  than  the  oxidation  rate 
of  the  base  at  1300°.  The  Cr20Ni 35-base  alloys  with  the 
addition  of  0.5  percent  niobium  at  1100°  oxidize  a  little 
lew^s  than  the  base;  at  1200°  the  oxidation  rate  becomes 
slightly  higher  and  at  1300°  it  becomes  considerably  higher 
than  that  of  the  Cr20Ni35  base. 

Alloys  with  combined  admixtures  of  molybdenum  and 
niobium.  The  oxidation  rate  of  the  dr^ONlBO-oase  alloys 
with  ccimbined  admixtures  of  molybdenum  and  niobium  Is 
raarkedly  higher  at  1100  and  1200°  and  Is  by  far  higher  at 
1300°  as  compared  to  the  oxidation  rate  of  the  base 
(Cr20Ni20), 

Alloys  with  combined  admixtures  of  tungsten  and  niobium 
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The  Cr20N135-'baae  alloy  with  the  combined  admixtures  of  0.2 
percent  W  and  0,58  percent  Nb  had  an  oxidation  rate  slightly 
higher  than  that  of  this  alloy  without  suimlxtures  at  all 
testing  temperatures.  At  temperatures  of  1100  and  1200° 
the  Cr20N135  alloy  with  admixtures  of  2.87  percent  W  and 
0.5  percent  Nb  oxidizes  a  little  less,  and  at  1300°  a  little 
more,  than  the  base. 

Allox 3  with  combined  admixtures  of  titanium  and 
niobium.  The  oxldablllty  of  the  Cr20N120  alloy  v^lth  0.11 
percent  T1  and  0,5  percent  Nb  at  1100^  Is  slightly  higher 
than  that  of  the  Cr20N120  base.  As  the  temperature  Is 
raised  to  1300°,  the  oxldablllty  becomes  many  times  higher 
an  that  of  the  base  at  these  temperatures. 

The  oxidation  rate  of  the  Cr20N120  alloy  with  0.23 
percent  T1  and  0.5  percent  Nb  at  1100  and  1200°  is  slightly 
higher  and  at  1300°  much  higher  than  that  of  the  base. 

The  oxidation  rate  of  the  Cr20N120  vfith  admixtures 
of  0,6  percent  titanium  and  0,5  percent  niobium  la  almost 
tbe  same  as  that  of  the  base.  At  1200°  the  oxldablllty  of 
tbls  alloy  becomes  noticeable  and  at  1300°  It  Is  considerably 
higher  than  that  of  the  Cr20N120  base. 

Conclusions 

1.  Small  admixtures  of  molybdenum  (up  to  1,0  percent), 
tungsten  (up  to  0,2  percent),  and  titanium  (up  to  1,8 
percent)  have  almost  no  m€u:’ked  effect  on  the  oxidation 
resistance  of  fernim-chromium-nlckel  alloys, 

2.  Niobium  (up  to  0,5  percent)  reduces  the  oxida¬ 
tion  resistance  of  ferrum- chromium-nickel  alloys,  parti¬ 
cularly  In  the  presence  of  Mo,  N,  or  T1  in  them. 

3.  A  reduction  in  oxidation  resistance  Is  also 
caused  by  tungsten.  Its  content  being  above  0.2  percent, 
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The  Effect  of  Internal  Adsorption  on 
Aging  Processes  and  the  Value  of 
This  Effect  for  Heat  Resistance 

By  V.  I.  Arkharov 


1.  Gradation  of  the  aging  process  of  an  alloy  and 
the  value  of  the  latcer  for  heat  resistance 

According  to  the  most  widely  accepted  notion,  the 
prime  condition  for  a  high  resistance  of  on  alloy,  parallel 
to  the  great  atomic  interaction  forces  In  the  crystal 
lattice,  la  the  degree  of  nonuniformity  of  the  alloy's 
crystalline  structure,  which  is  specific  for  each  type  of 
alloys.  The  local  nonuniformities,  which  are  either  large 
or  small,  either  more  or  loss  thickly  distributed  over  the 
m: Gs  of  the  alloy,  and  either  more  or  less  sharply  pronounced, 
are  the  sites  where  the  plastic  deformation  is  slowed  down 
and  damped. 

In  order  to  obtain  for  practical  purposes  the  best 
mechanical  properties,  depending  on  the  type  of  the  alloy 
and  the  character  of  the  atomic  interaction  in  it,  it  is 
essential  that  there  be  an  optimum  degree  of  nonuniformity, 
i.e,,  an  optimum  combination  of  size  factors,  dispersion, 
shape,  denseness,  and  uniformity  of  spatial  distribution, 
physical  and  crystallographic  nature  of  local  nonuniforml- 
ties,  and  bonding  degree  with  the  surrounding  crystalline 
base  of  the  alloy.  There  exists  a  v^lde  gamma  of  nonuni- 
iormitles  which  are  distinguished  by  the  above  character¬ 
istics.  The  aging  process  of  the  alloy,  i.e.,  the  decompo¬ 
sition  of  the  supersaturated  solution,  can  be  used  as  a 
basis  for  realizing  this  gamma. 

There  are  reasons  to  assume  that  even  in  an  unsaturat¬ 
ed  solid  solution  there  are  either  more  or  less  stable  dis¬ 
tribution  nonuniformities  of  the  atoms  of  the  dissolved 
component  among  the  atoms  of  the  solvent  in  the  common 
crystal  lattice.  Approaching  the  saturated  state  and,  then, 
at  a  supersaturated  state,  these  nonuniformities  increase  in 
r-Gspoct  to  both  the  size  of  the  regions  they  occupy  and 
the  concentration  of  the  components;  they  pass  through 
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stages  of  "pro-transltlonal"  formations,  Guinior-Preston 
zones,  a  partial  or  a  complete  break  of  the  coherent  bond 
with  the  surrounding  crystal  lattice,  the  nucleus  crystal 
of  the  new  phase  getting  isolated,  and  tlirough  the  stage  of 
further  growth  of  those  crystals  (l). 

2.  Internal  adsorption  in  solids 

Apart  from  the  structural  nonuniformities  Inherent 
to  the  alloy  in  its  given  state,  l.e,,  those  effected  by 
factors  such  as  temperature,  composition  of  basic  consti¬ 
tuents,  and  holding  time  for  attaining  aqullibrlum,  there  is 
ono  more  type  of  nonuniformities  related  to  the  micro- 
structure  of  the  alloy  and  to  the  particular  behavior  of 
certain  components.  This  particular  behavior  of  the  alloy 
is  displayed  when  microstructural  nonuniformities,  which 
aro  the  spots  of  increased  potential  energy  of  atcmlc  inter¬ 
action,  cause  the  redistribution  of  the  components  between 
those  spots  (nonunifonnities)  and  the  faurrounding,  since 
such  a  redistribution  minimizes  tho  energy  nonuniformity  in 
the  alloy. 

The  reduction  cf  excess  energy  at  tho  sites  of 
structural  nonunlfcrmlty  can  bo  achieved  during  such  a  re¬ 
distribution  by  either  increasing  the  concentration  of  some 
components  or  by  reducing  the  concentration  of  others.  The 
elements  that  enrich  the  sites  of  the  structural  and  energy 
ncnunlformitles  are  called  hcrophllo,  vdille  those  elements 
that  are  deprived  of  these  nonunlformitlos  are  called 
horophobic.  The  horophile  and  horophoblc  properties  depend 
er  many  factors  that  are  not  quite  clarified  yet;  first  of 
all,  on  the  chemical  typo  of  the  given  dissolved  oloment 
and  the  solvent  in  whose  lattice  this  element  is  in  a  solid 
solution;  next,  on  the  concentration  of  the  element  (on  an 
average  —  over  the  entire  alloy),  on  the  crystallometric 
character  of  nonuniformity,  on  temperature,  etc. 

Obviously,  the  sharpest  nonuniformity  in  concentra¬ 
tion  during  its  redistribution  in  the  alloy  containing 
energy  nonunlformitlos  will  bo  observed  in  the  presence  of 
small  quantities  of  strongly  horophile  elements  in  the 
alloy.  This  puts  forv;ard  tho  problem  of  the  physical 
nature  of  the  strong  influence  of  small  and  very  small 
admixtures  of  certain  elements  on  the  properties  of  tho 
alloys. 


The  phenomenon  of  redistribution  of  dissolved  compo- 
nciats  caused  by  the  structural  (energy)  nonuniformities  and 
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producing  a  concentration  nonuniformity  (whereas  the  former 
are  minimized  due  to  the  others),  we  call  Internal  adsorp¬ 
tion  In  solids. 

We  must  emphasize  here  the  community  of  our  defini¬ 
tion  for  the  phenomenon  of  Internal  adsorption  because 
there  were  tendencies  to  Its  narrow  understanding.  We 
examine  structural  energy  nonuniformities  of  most  diverse 
types  and  scales.  The  most  sharply  pronounced  are  the 
structural  energy  nonuniformities  In  the  conjxinctlon  sites 
of  crystallites  of  polycrystalllne  bodies,  In  other  words, 
In  Intergranular  transitional  zones*.  The  variation  In  the 
concentration  of  some  components  which  occurs  Independently 
in  these  zones  and  redxices  their  excess  energy**,  according 
to  v/hat  has  been  said,  we  call  Interp^ranular  Internal  ad¬ 
sorption. 

Less  pronounced  are  the  structural  energy  nonunifor- 
mlties  In  the  sites  of  the  elements  of  the  so-called  sub- 
crystallite  structure  join  crystal  lattice  of  the  solid 
solution  surrounding  them. 

Of  particular  Interest  at  present  are  the  elements 
of  the  subcrystallite  structure  that  originate  and  develop 
in  the  process  of  aging.  These  Include  the  most  Initial 
formations,  l.e.,  the  stable  groupings  of  the  atoms  of  the 
dissolved  components  in  still  unsaturated  solutions,  pre- 
transltional  formations,  .Gulnier-Preston  zones  coherently 
bound  with  the  surrounding  zones  which  had  p^tially  or 
completely  broken  the  coherent  bond  and  had  thus  become 
Isolated  crystals  of  the  precipitating  phase.  Even  though 
the  structural  energy  nonuniformities  are  not  very  sharply 
pronounced  In  the  conjunction  of  such  elements  of  sub¬ 
crystallite  structure,  it  is  possible  on  a  general  basis 
that  they  may  also  have  an  Internal  adsorption  of  some 
components. 

The  changes  In  concentration  caused  by  adsorption  in 
general,  to  one  degree  or  another,  affect  the  course  of 
aging  processes  at  the  sites  where  these  changes  occur.  It 


*We  contemplate  the  crystallites  which  are  rather  distinctive 
by  either  orientation  or  crystallographic  character  of  the 
la,ttlce. 

**It  is  sometimes  called  Incorrectly  "surface”  energy  of 
intergranular  "boundaries". 
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therefore  aoema  important  to  ccn23der  in  detail  the  problem 
of  the  influence  of  internal  adsorption,  in  its  broad  under¬ 
standing,  on  the  aging  processes  of  alloys  and.  in  this 
connection,  on  the  shaping  of  their  heat-resistant  proper¬ 
ties. 


3.  The  influence  of  the  intergranular  Internal 
adsorption  of  the  excess  component  on  the  aging  process 

Let  us  examine  first  the  most  simple  case,  when  the 
excess  component  (that  supersaturating  the  solid  solution) 
in  an  aging  binary  alloy  is  adsorption-active,  whereas  the 
adrorption  affects  only  the  sharpest  structural  nonuniforml- 
ties  —  the  intergranular  conjunctions . 

In  this  case,  when  the  adsorption  is  positive,  the 
concentration  in  the  intergranular  transitional  zones  may 
bo  considerably  increased  as  compared  to  the  mass  of  the 
crystallites ,  However,  the  closer  the  average  concentra¬ 
tion  of  the  alloy  to  solubility  at  hardening  temperature*, 
the  lovrer  the  degree  to  which  the  nonuniformity  in  concen¬ 
tration  is  pronounced.  When  the  intergranular  Internal 
adsorption  is  negative,  in  this  case  it  is  the  opposite: 
th?  periphery  of  the  crystallites  is  supersaturated  to  a 
lesser  degree  than  the  central  section  of  each  crystallite**. 
Heie,  the  closer  the  averaged  concentration  of  the  alloy  to 
solubility  at  hardening  temperature  the  narrower  the  zone 
of  impoverishment  of  adsorption. 

Thus,  during  a  positive  adsorption  in  the  inter¬ 
granular  transitional  zones,  due  to  an  Increased  super¬ 
saturation,  the  conditions  for  the  decomposition  of  the 
selld  solution  are  mere  favorable;  therefore  it  is  Just  here 
where  aging  begins,  in  the  first  place,  extending  further 
down  deep  the  crystallite.  This  difference  in  the  kinetics 
of  aging,  particularly  manifested  in  its  initial  stages,  is 
minimized  when  the  average  concentration  of  the  excess 


«The  adsorption  enrichment  of  the  structural  energy  zones 
of  nonuniformity  in  the  horcphlle  element  is  to  some  extent 
related  to  its  solubility  (2)  and  is  limited  by  it  although 
in  acme  cases  it  can,  obviously,  exceed  it  as,  for  Instance, 
in  trxG  copper- ferrum  system  (3,  4). 

•''•^'However,  in  some  alloys,  at  a  negative  adsorption,  the 
periphery  of  the  crystallites  may  prove  to  be  supersaturat¬ 
ed. 
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component  In  the  alloy  is  Increased  (retaining  the  same 
hardening  temperature).  This  fact  Indicates  that  the 
initiatory  role  of  the  intergranular  conjunctions  here  is 
related  to  the  intergranular  adsorption,  but  not  just  to  the 
boundary  distortions  of  the  lattice  which  facilitate  the 
structural  rebuilding.  During  a  negative  internal  adsorp¬ 
tion  more  favorable  conditions  for  aging  are  found  in  the 
mass  of  the  crystallite;  as  for  the  periphery,  where  the 
suporsaturation  is  lower,  there  aging  will  lag  in  the  be¬ 
ginning.  Increasing  the  average  concentration  in  the  alloy 
at  the  given  hardening  temperature  up  to  the  value  of 
solubility  at  this  temperature  must  lead  to  the  contraction 
of  the  zone  of  adsorptlonal  impovori slime nt  near  the  inter¬ 
granular  conjunctions  and  to  a  more  uniform  distribution 
of  the  conditions  for  the  decomposition  of  the  solid  solu¬ 
tion  over  the  crystallite  which  is  supersaturated  everj'’- 
v/hcro  to  the  same  extent  except  for  the  narrow  Intergranular 
transitional  zones  where  the  lagging  of  agirg  (if  it  is  not 
compensated  for  by  the  accelerating  effect  of  the  usual 
distortions  of  the  lattice  in  three  zones)  is  not  detected 
experimentally  due  to  tho  narrow  width  of  the  Intergranular 
transitional  zonoa. 

To  confirm  the  above  considerations  we  may  cite 
the  results  of  the  study  made  by  V.  I.  Arhharov,  I.  ?. 
Direncva,  and  N,  A.  Kozina  (5).  In  these  tests  they  in¬ 
vestigated  the  distribution  of  microhardness  in  individual 
crystallites  of  aluminum-zinc,  aluminum- silver,  and 
aluminum- copper  alloys,  hardened  and  aged  to  various  stages. 

In  the  A1  -  Zn  and  A1  -  Ag  alloys ,  where  the  content 
of  the  second  component  was  below  its  solubility  at  harden¬ 
ing  temperature,  aging  (observed  by  the  increased  micro- 
hardnoss)  began  Intensively  and  developed  rapidly  at  the 
intergranular  "boundaries”,  where  it  succeeded  in  going 
through  the  mlcrohardnoss  maximum  while  it  v/as  Just  be¬ 
ginning  (to  develop)  in  the  center  of  the  crystal.  In  the 
alloys  of  tho  systems  with  a  higher  content  of  the  second 
component,  which  wore  hardened  from  tho  same  temperatures 
as  the  alloys  with  a  lower  concentration,  the  difference 
in  microhardness  over  tho  periphery  and  in  the  mass  of  tho 
crystallites  were  found  to  bo  minimized. 

In  the  A1  -  Cu  alloy  halving  a  low  copper  content,  the 
mlorohardness  on  the  periphery  of  the  crystallites  at  the 
beginning  of  aging  appeared  to  be  considerably  reduced  as 
compared  to  the  mass,  and  the  course  of  tho  variation  of 
m'.orohardness  on  both  the  periphery  and  in  the  mass  of  the 
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crystallites  In  respect  to  time  was  opposite  to  that  in  the 
A1  -  Zn  and  A1  -  Ag  alloys.  The  decrease  of  mlcroharaneea 
(due  to  the  set-in  coagulation  of  the  precipitated  parti¬ 
cles)  in  the  mass  of  the  crystallite  was  taking  place  at  the 
time  when  the  mlcrohardness  on  the  periphery  was  Just  be¬ 
ginning  to  build  up. 

In  the  A1  -  Cu  alloy  containing  a  higher  amount  of 
copper  and  hardened  from  the  same  temperature,  the  aging 
occurred  uniformly  in  both  the  periphery  and  the  mass  of  the 
crystallites. 

Similar  experimental  facts  show  that  intergranular 
internal  adsorption  is  an  importsint  factor  able  to  influence 
zha  aging  course  of  alloys  in  general;  It  can,  therefore, 
particularly  have  an  effect  on  the  formation  of  the  proper¬ 
ties  of  heat  resistance.  Inasmuch  as  this  formation  la 
basically  produced  through  aging. 

4.  The  influence  of  the  internal  adsorption  of  the 
admixture  of  a  third  component  on  the 
decomposition  of  a  binary  solid  solution 

A  more  interesting  case  is  aging  in  the  presence 
of  a  third  component  in  a  dlaintegratlrig  solid  solution, 
the  component  being  in  low  concentration  and  also  adsorp¬ 
tion-active  (horophlle). 

Although  the  average  concentration  of  the  element 
admixture  in  the  alloy  is  low,  in  the  adsorption-enrichment 
zones  it  may  appear  Increased.  Due  to  this,  the  Influence 
of  the  admixture  on  the  properties  of  the  alloy,  which  is 
insignificant  structurally  uniform  in  the  mass  of  the 
crystallites,  may  substantially  change  these  properties 
in  the  adsorption  zones;  in  particular,  the  ability  to  age 
may  thus  appear  substantially  changed.  The  mechanism 
of  such  an  effect  is  the  same  for  structural-energy  non- 
uniformities  of  all  previously  considered  gradations; 
hcvrever,  it  may  be  assumed  that  of  greatest  Interest  is 
the  study  of  this  mechanism  as  applied  to  subcrystallite 
nonuni form it lea  formed  at  the  very  beginning  of  the  aging 
process.  We  will  therefore  not  dwell  upon  cases  in  which 
t.i3  third  component,  l.e.,  the  admixture,  experiences  an 
intergranular.  Internal  adsorption,  but  will  turn  to  the 
moam  interesting  case  mentioned. 

We  know  of  many  examples  of  a  strong  influence  of 
small  admixtures  on  the  kinetics  of  aging  of  alloys;  hcv/ever 
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not  all  such  cases  can  be  given  a  simple  explanation  by  the 
direct  Influence  of  the  third  component  on  the  solubility 
of  the  excess  component,  i.e.,  on  the  supersaturaticn  of  the 
solid  solution.  Naturally,  the  admixt-uros  which  markedly 
reduce  the  solubility  of  the  third  element  increase  the 
super saturation  and  stimulate  the  decomposition  of  the  solid 
solution,  while  those  that  increase  the  solubility  slow 
down  the  decomposition. 

However,  as  it  has  been  determined  by  our  studies 
(6,  9),  such  an  explanation  is  unsuitable  for  certain 
all03>-s,  since  the  admixture  used  in  its  given  (low)  average 
concentration  in  alloj^s  will  either  not  change  the  super- 
saturation  or  will  have  an  insignificant  effect  on  it. 
Nevertheless,  an  admixture  in  these  alloys  has  a  quite 
marked  effect  on  the  aging  process.  A.t  this  point  it  turns 
out  Lhat  the  admixture  has  a  horophile  character. 

An  analysis  of  these  cases  leads  us  to  the  following 
two  possible  types  of  Influence  mechanism  of  horophile 
admixtures  on  the  aging  process,  on  the  basis  of  notions 
on  the  Internal  adsorptions  of  these  admixtures  (6,  10). 

1.  The  given  admixture,  being  in  a  low  concentra¬ 
tion,  does  not  greatly  change  the  solubility  of  the  excess 
ocoponent,  but  it  can  change  it  considerably  with  increase 
in  concontration. 

In  this  case  the  adsorption  enrichment  in  the  given 
admixture  of  the  sites  of  structural  nonuniformity  will 
create  in  them  seats  of  increased  (or  reduced)  supersatura¬ 
ticn,  and,  consequently,  alleviated  (or  encumbered)  nu- 
cleation  centers  of  crystallization  of  the  new  phase. 

This  may  occur  on  the  intergranular  conjunctions  as  well 
as  on  Lhe  elements  of  subcrystallite  structure,  including 
here  the  "finest'*,  i.e.,  the  groupings  of  the  atoms  of 
the  component  precipitating  during  aging.  The  adsorption 
forms  around  those  groupings,  which  exist  at  the  earliest 
stages  of  the  process  (possibly  even  in  unsaturated  state 
or  the  alloy  at  a  high  temperature  before  hardening),  as  if 
"clouds"  of  atoms  of  the  horophile  system.  Increasing  the 
concentration  of  the  admixture  in  such  "clouds"  while 
changing  the  solubility  of  the  excess  component  will  either 
facilitate  (at  a  reduced  solubility)  or  obstruct  (at  an 
increased  solubility)  the  conversion  of  this  grouping  of 
atoms  into  a  nucle..s  of  crystallization. 

Thus,  in  the  considered  mechanism  of  the  phenomenon. 
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the  Influence  of  Internal  adsorption  of  the  admixture  on  the 
kinetics  of  aging  depends  on  its  influence  on  the  rate  of 
nucleatlon  of  the  centers  of  crystallization  of  the  new 
phase.  The  admixture  which,  at  a  sufficiently  increased 
concentration,  reduces  the  solubility  of  the  excess  com¬ 
ponents,  accelerates  the  nucleatlon  of  the  centers  of 
crystallization;  the  admixture,  which  increases  solubility, 
tvlll,  on  the  contrary,  decelerate  the  nucleatlon. 

2.  The  given  admixture,  at  a  sufficiently  increased 
concentration,  affects  the  rate  of  diffusion  of  the  atoms 
of  the  excess  component  In  an  aged  solid  solution. 

In  this  cese,  the  adsorption-enriched  zones  that 
surround  the  structural  nonuniformities  --  In  particular, 
the  "clouds"  of  the  atoms  of  the  admixture  around  the 
nucleating  crystallization  centers  of  the  new  phase  (on  all 
development  stages  of  these  centers,  beginning  with  the 
initial  groupings  of  atoms  and  ending  with  an  isolated 
crystal)  — will  affect  the  diffusion  of  the  atoms  of  the 
excess  component  from  the  surrounding  regions  of  the  lattice 
of  the  solid  solution  to  each  center  of  crystallization. 

This  means  that  the  adsorption  "clouds"  affect  the  rato.of 
.growth  of  tho  nuclQll . 

The  horophilo  elements  (admixtures)  which  accelerate 
the  diffusion  of  the  excess  component  Into  tho  solid 
solution  accelerate  the  growth  of  the  crystallization 
centers  of  tho  new  phase;  but  the  admixtures  that  decelerate 
this  diffusion  will  retard  the  growth  of  the  centers  of 
tho  new  phase. 

To  confirm  the  above -stated  considerations  we  can 
cite  the  results  of  a  number  of  experimental  Investigations 
(6-12),  where  It  has  been  established  that  the  decomposi¬ 
tion  rate  of  the  solid  solution  changes  substantially  under 
tho  effect  of  certain  dissolved  admixtures.  Comparing 
with  the  disintegration  rate  of  a  binary  alloy  9^  percent 
Cu  +  6  percent  Ag,  in  an  alloy  of  this  composition  plus 
0.l6  percent  Be,  the  disintegration  occurs  considerably 
more  slowly;  in  a  similar  copper-silver  alloy  with  an 
addition  of  0.17  percent  Sb,  the  disintegration  is  strongly 
accelerated;  in  a  similar  alloy  with  an  addition  of  0.03 
percent  Fa,  tho  Integration  is  markedly  accelerated,  though 
to  a  lesser  degree  than  In  the  case  with  antimony.  Tho 
addition  of  cadmium  also  has  a  marked  accelerating  effect. 

As  our  other  studies  have  shown  (3,  11»  13,  1^)» 


247 


all  those  admixtures  appear  to  be  horophile  in  respect  to 
copper  as  a  solvent.  On  tho  other  hand,  it  has  been  estab¬ 
lished  (6,  8)  that  those  admixtures,  in  indicated  concentra¬ 
tions,  have  no  marked  effect  on  the  solubility  of  silver  in 
copper  and,  consoquontly ,  their  effect  on  the  kinetics  of 
aging  cannot  be  reduced  to  a  variation  in  the  super satura¬ 
tion  of  the  solid  solution.  At  the  same  time,  at  increased 
concentrations  in  tho  admixture  of  beryllium,  antimony,  and 
ferrum,  the  solubility  of  silver  in  copper  and,  consequently, 
the  super saturation  of  the  solid  solution,  somewhat  change; 
tho  admixture  of  beryllium  increases,  while  the  admixtures 
of  ferrum  and  antimony  reduce,  tho  solubility  of  silver  in 
copper. 


Parallel  to  this,  it  has  boon  established  that  the 
rate  of  diffusion  of  silver  in  copper  with  a  high  content 
of  antimony  is  very  strongly  increased  as  compared  to  tho 
rate  of  diffusion  in  pure  copper.  The  same  effect,  even 
though  to  a  lesser  degree,  is  observed  in  copper  with  an 
admixture  of  ferrum,  while  beryllium  at  its  high  concentra¬ 
tion  in  copper  strongly  retards  the  diffusion  of  silver 
(11,  13). 

Tho  comparison  of  all  these  experimentally  estab¬ 
lished  facts  (the  horophile  activity  of  the  admixtures, 
their  effect  on  the  rate  of  aging,  on  tho  solubility  of 
silver  in  copper,  and  on  the  rate  of  diffusion  of  silver 
in  copper)  leads  to  tho  conclusion  that  in  these  alloys  the 
influence  of  tho  admixture  on  the  kinetics  of  aging  is 
caused  by  internal  adsorption, 

Tho  adsorption  influence  on  tho  kinetics  of  aging, 
apart  from  the  copper  alloys,  was  found  in  the  aluminum- 
copper  alloys  wo  investigated  containing  horophile  admix¬ 
tures  (6,  10),  such  as  silver  or  zinc.  The  horophile  acti¬ 
vity  of  those  elements  in  respect  to  aluminum  follows  from 
the  results  of  our  investigations  conducted  somewhat  earlier 
(5);  this  can  also  be  confirmed  for  silver  —  in  the  micro- 
X-ray  examinations  made  by  the  author  of  this  article  and 
by  N.  N.  Skornyakov  (6,  10),  for  zinc  —  in  micro-X-ray 
and  autoradiographic  studios  made  by  French  authors  (15,  16). 

At  the  same  time,  it  has  been  established  that  the 
concentrations  of  either  zinc  or  silver  in  aliiminum  employed 
in  tho  study  (6,  10),  had  no  marked  effect  on  the  solubility 
of  copper  in  aluminum  (9) ,  which  eliminates  one  possible 
easy  explanation  of  tho  effect  of  either  zinc  or  silver 
on  the  rate  of  aging  of  the  supersaturated  solid  solution 


248 


of  copper  In  aluminum.  It  must  be  noted  that  at  high  con¬ 
centrations  of  silver  or  zinc  the  solubility  of  copper  in 
aluminum  appears  slightly  increased.  It  must  be  concluded 
from  this  that  the  acceleration  of  aging  of  the  aluminum- 
copper  alloy  affected  by  small  additions  of  silver  or  zinc 
cannot  be  explained  by  the  accelerating  influence  of  the 
internal  adsorption  of  the  latter  on  the  nueleatlon  of  the 
crystals  of  the  new  phase.  As  further  tests  have  shown  (17), 
increased  concentrations  of  zinc  or  silver  in  aluminum  pro¬ 
duce  an  accelerated  diffusion  of  copper  into  it.  This 
offers  the  possibility  of  explaining  the  acceleration  of 
the  aging  of  the  "aluminum-copper”  alloy  containing  admix¬ 
tures  of  either  zinc  or  silver  by  the  acceleraiilng  influence 
of  the  internal  adsorption  on  the  rate  of  growth  of  both 
the  pre- transitional  formations  and  the  crystals  of  the  new 
phase. 


5.  The  possible  value  of  the  Influence  of  internal 
adsorption  on  aging  for  heat  resistance 

The  above-cited  general  theoretical  considerations 
and  experimental  data  show  that  the  processes  of  aging,  so 
important  for  the  fomation  of  high  mechanical  properties 
of  alloys,  are  subjected  to  the  influence  of  small  admix¬ 
tures  on  account  of  the  internal  adsorption  of  the  latter. 

There  are  n\Meroua  experimental  data  on  the  sub¬ 
stantial  influence  of  small  admixtures  on  heat  resistance, 
and  there  are  reasons  to  assume  that,  at  least  in  some 
cases  (and  maybe  in  most  of  them),  this  influence  is  related 
to  internal  adsorption  vdilch  changes  the  kinetics  of  aging 
tovrard  obtaining  the  prolonged  stability  of  the  grade  of 
this  process,  which  has  an  optimum  combination  of  both  dis¬ 
persion  and  distribution  of  forming  structural  nonuniformi¬ 
ties.  Much  is  being  done  in  searching  for  new  formulas 
fer  heat-resistant  alloys  toward  making  their  composition 
more  complex  and  introducing  several  admixtures  simul¬ 
taneously  into  the  alloy. 

In  this  connection  we  must  point  out  a  very  inter¬ 
esting  and  important  phenomenon  which  complicates  the  pic¬ 
ture  of  internal  adsorption  of  the  admixtures,  and  speci¬ 
fically,  their  tendency  to  some  kind  of  "competition”  in 
respect  to  a  preferential  concentration  in  the  regions  of 
various  structural  nonuniformities, 

'Then  there  are  two  or  several  horophlle  admixtures 
in  a  solid  solution,  the  latter  can  participate  Jointly  in 
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the  adsorption  enrichment  of  the  sites  of  structural  energy 
nonuniformities  only  in  some  cases;  in  other  cases,  their 
participation  in  adsorption  is  unequal  and  not  additive. 

At  certain  correlations  in  the  concentrations  of  the  admix¬ 
tures  the  adsorption  is  experienced  mainly  by  one  admixture, 
while  the  other  practically  does  not  participate  in  ad¬ 
sorption.  At  other  correlations  in  the  concentration  of 
the  same  admixtures  they  may  change  roles:  the  first  will 
be  deprived  of  adsorption  activity  while  the  other  will 
enrich  in  adsorption  the  sites  of  increased  energy. 

In  respect  to  Intergranular  internal  adsorption, 
such  a  competition  was  revealed  in  our  works  on  copper 
alloys  (3}  4,  10,  14).  In  the  presence  in  the  copper  sol- 
venc-  of  small  admixtures  of  antimony,  berrylium,  and  ferrum 
In  various  combinations  and  various  correlations  of  con¬ 
centrations,  it  is  possible  to  observe  a  different  change 
of  the  crystal  lattice  parameter  of  the  solid  solution  by 
varying  the  size  of  the  crystallites.  Since  the  Influence 
of  the  content  of  antimony  in  solid  solution  on  the  parameter 
of  its  lattice  is  opposite  to  the  Influence  of  berrylium, 
it  is  easy  to  establish  which  of  these  admixtures  changes 
its  concentration  in  the  mass  of  each  crystal  by  varying 
the  grain  size,  i.e. ,  at  the  variation  of  the  total  amount 
of  admixture  which  departs  to  the  Intergranular  transitional 
zones  due  to  adsorption.  Thus,  by  the  variation  sign  of 
the  lattice  parameter  affected  by  either  the  decrease  or 
the  Increase  of  the  grain  size  of  the  alloy,  it  is  possible 
to  judge  which  of  the  admixtures  (antimony  or  beryllium) 
experiences  adsorption. 

Iron  has  practically  no  effect  on  the  lattice  para- 
ai.eter  of  a  copper  solvent.  In  combination  with  either 
antimony  or  beryllium  (or  with  both),  the  behavior  of  iron 
in  copper-base  alloys  can  also  be  traced  by  the  character 
of  the  vai-iatlon  in  the  crystal  lattice  with  the  variation 
of  the  grain  size  of  the  alloy.  The  competition  of  admix¬ 
tures  v,'ith  respect  to  their  participation  in  adsorption 
we  also  traced  for  the  same  alloys  by  a  different  method  — 
the  influence  of  foreign  component  (silver)  on  the  charac¬ 
ter  of  its  intergranular  diffusion  into  the  alloy;  the  re¬ 
sults  cotained  were  the  samo  (3»  4). 

Parallel  to  the  phenomenon  of  competition  between 
several  horophile  admixtures  during  their  simultaneous 
piesence  in  the  solid  solution,  there  is  one  more  fact  which 
complicates  the  internal  adsorption.  The  adsorption  activity 
(horophile  activity)  of  any  admixture  depends  on  the 
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composition  of  the  solvent,  which  may  be  not  only  the  element 
but  also  the  solid  solution  that  Includes  in  its  composi¬ 
tion  several  components,  adsorption-passive.  In  particular, 
the  horophile  activity  of  an  admixture  depends  in  some 
cases  on  the  concentration  of  the  admixture.  For  Instance, 
that  is  the  way  it  is  in  the  Pe  -  Pd  system.  According 
to  our  data  (l8,  20),  at  low  concentrations,  palladium  is 
horophile  in  respect  to  iron,  but  in  concentrations  above 
4  percent,  palladium  loses  its  activity. 

In  the  light  of  the  cited  experimental  data  on  the 
competition  of  the  horophile  admixtures  as  a  function  of  the 
horophile  activity  of  the  composition  of  the  alloy  in  gen¬ 
eral,  the  picture  on  the  Influence  of  the  composition  on 
heat  resistance  becomes  clear. 

In  this  connection  we  find  it  possible  to  introduce 
one  new  hypothesis  that  can  serve  as  a  basis  in  the  search 
for  an  explanation  of  the  complex  dependence  of  heat 
resistance  on  the  composition  of  the  alloy,  as  well  as  in 
the  search  for  a  better  formulation  of  alloys. 

This  hypothesis  is  reduced  to  the  following.  Horo¬ 
phile  admixtures,  taken  individually,  may  be  adsorption- 
active  to  a  various  degree  in  respect  to  different  types 
of  structural  energy  nonunifomities  (for  Instance,  inter¬ 
granular  transitional  zones  and  subcry at all it e  nonunlformi- 
tlos,  the  periphery-type  pro -transitional  formations  at 
aging  or  the  periphery  of  the  Gulnier-Preston  zones,  etc.). 

V/hen  there  are  more  than  one  horophile  admixtures 
present  simultaneously  in  a  solid  solution,  their  competi¬ 
tion  may  be  displayed  in  various  degrees  for  different 
typos  of  structural  energy  nonuniformities.  As  a  result, 
there  may  occur  a  redistribution  of  horophile  admixtures 
at  which  various  admixtures  will  be  adsorbed  on  nonunifor¬ 
mities  of  various  types:  the  sites  with  the  greatest 
energy  nonuniformltles  will  be  enriched  mainly  in  one  of 
the  admixtures,  while  the  others  will  enrich  the  regions  or 
zones  where  the  nonuniformities  are  less  pronounced,  etc. 

At  this  point,  it  is  Important  to  take  into  account 
that  in  the  course  of  ag?ng  there  occurs  a  change  in  both 
scale  and  character  of  the  structural  energy  nonuniformities 
on  the  periphery  of  the  originating  and  developing  structu¬ 
ral  formations  in  the  mass  of  the  lattice  of  the  solid 
solution.  Consequently,  it  may  be  expected  that  the  com¬ 
peting  horophile  admixtures  will  rearrange  themselves  even 
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in  the  very  process  of  asinc*  in  its  various  stages. 


We  already  know  that  there  are  alloys  in  which  the 
internal  adsorption  of  admixtures  either  accelerates  or 
docolcratos  the  processes  of  aging  and  the  nucloatlon  cen¬ 
ters  of  the  formation  of  the  precipitating  phase,  as  v;oll 
as  the  growth  of  those  centers j  and  wo  know  that,  combining 
various  admixtures  qualitatively  or  quantitatively,  it  may 
be  possible  to  paralyze  the  adsorption  effect  of  some  and 
intensify  the  influence  of  the  others. 

Crenorally  speaking,  in  an  aging  alloy  there  may  bo 
such  a  selection  of  admixtures  whore  one  of  the  admixtures 
will,  through  adsorption,  accelerate  the  nucloatlon  of  the 
formation  centers  of  the  precipitating  phase  and  their 
growth  in  the  most  initial  stage  of  the  process;  but,  then, 
on  its  course,  it  will  bo  displaced  by  another  competing 
admixture  which  is  more  active  in  respect  to  much  sharper 
structural  energy  nonunlformltiea  and  thereby  slow  doim 
the  diffusion  supply  of  the  oxcoss  component  to  the  groxvlng 
formation. 


Under  those  conditions  it  is  possible  to  obtain  an 
optimum  of  heat-resistant  properties  owing  to  the  fact  that 
tl.c  optimum  dispersion  degree  of  sufficiently  closely  dis¬ 
tributed  structural  nonunlfomities  is  rapidly  attained  at 
the  beginning,  whereas  this  state  is  further  stabilized  for 
a  sufficiently  protracted  period  duo  to  the  retardation 
of'The  growth  of  the  nonuniformities  on  account  of  the  re¬ 
distribution  of  tho  admixtures  in  the  adsorption  zones 
around  these  nonunlformitles .  Tho  optimum  dispersion,  the 
closeness,  and  the  uniformity  in  distribution  of  the 
structural  nonunlformitles  depend  on  the  type  of  tho  alloy; 
there  may  be  one  set  of  requirements  for  the  case  of 
austenitic  alloys  and  entirely  different  ones  for  aluminum- 
base  alloys  and  so  forth. 

Here,  it  must  also  be  taken  into  consideration  that 
the  character  of  tho  distribution  of  tho  originating 
stnectural  nonuniformitioa  over  tho  various  regions  of  one 
and  tho  same  crystal  depends  on  tho  intergranular  internal 
adsorption.  An  excessive  concentration  of  the  aging  process 
ac"  olio 'Intergranular  conjunctions  may  cause  a  dangerous 
"intergranular"  brittleness.  On  the  other  hand,  as  v/o  have 
earlier  noted  (l,  21)*,  the  regions  of  tho  crystallite 

^••3eo  also  the  article  by  V.  I,  Arkharov  and  M.  B.  YaJcutovich 
In  this  collection. 
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adjoining  the  Intergranular  conjunctions  are  the  sites  of  the 
most  Intensive  hlgh-temperature  plastic  deformation  (diffusion 
plasticity).  Therefore,  hardening  these  regions  by  means  of 
forming  in  them  optimum  structural  nonunlformltles  by  aging 
brought  to  a  certain  stage  is  essential  to  a  greater  degree 
than  in  the  center  of  the  grain.  Attempts  can  also  be  made 
to  control  the  course  of  aging  In  the  various  crystallite 
regions  through  a  proper  selection  of  horophlle  admixtures. 

All  considerations  here  cited  lead  to  a  conclusion  of 
the  necessity  of  widely  expanded  Investigations  of  the  in¬ 
ternal  adsorption  in  alloys  in  general. 

It  can  be  said  that  these  Investigations  went  through 
■)nly  the  very  initial  stage.  Wow  it  has  become  clear  that 
internal  adsorption  may  play  an  Important  role  in  the  forma¬ 
tion  of  many  properties  of  alloys,  but  It  appears  to  be  a 
more  complex  phenomenon  than  It  had  seemed  at  the  beginnir^. 
Now  there  Is  already  an  awareness  of  the  need  of  theoretical 
generalizations  concerning  the  criteria  of  either  horophlle 
or  horophobic  activity,  quantitative  evaluation  of  the  degree 
of  adsorption  activity  of  the  components  of  solid  solutions, 
the  dependence  of  these  characteristics  on  the  concentration 
of  the  adsorption-active  admixtures  themselves,  as  well  as 
of  other  components  both  Inactive  and  active  (the  Interaction 
with  the  latter  causes  a  competition  which  Is  to  be  Investi¬ 
gated  both  qualitatively  and  quantitatively).  Then,  investi¬ 
gations  should  be  conducted  on  the  Influence  of  the  horophlle 
components  of  the  admixtures  (at  an  Increased  concentration) 
on  the  solubility  of  the  "excess”  component,  which  determines 
the  aging  of  the  alloy,  as  well  as  on  the  rate  of  its  diffu¬ 
sion  in  the  solid  solution. 

Considering  the  diversity  of  alloys  and  the  admixtures 
employed  with  them,  we  must  admit  that  the  scope  of  the 
problems  which  arise  is  enormous. 

However,  we  deem  It  necessary  and  urgent  to  carry 
out  these  Investigations,  since  their  results  can  (as  we  have 
attempted  to  show  above)  offer  us  one  possible  method  of  con¬ 
trol./  .Ing  the  properties  of  alloys,  and  particularly  of  Im¬ 
proving  t>j9ir  heat  resistance, 
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